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ABSTRACT . .: , .- . ^ V j ^ 

This document presents a research effort intended to 
improve the economic information available for fora.ulating politics 
and making decisions related to. Information Analysis Centers (IAX;«s) 
and lAC services. The project used a system^of lAC information 
activities to analyze the functional aspects of lAC services, 
calculate the present value of net benefits, and examine the 
sensitivity of the costs and 'benefits to changes in variables and to 
technological developments. Th^ document includes eight chapters and 
five -appendices. Chapter two examines lAC activities. , Chapter three 
establishes the conceptual framework for modeling die'aand for lAC 
services. Chapter five describes an I AC user decision mode^. Chapter 
nine summarizes the findings and conclusion of the research effort. 
An executive summary is , also presented. The study recommends that^ 
lAC's continue to improve accounting systems that- provide meaningful 
-cost allocation data, especially prof essional staff time. 
(Author/HM) ' . ■• ' 
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EXECUTIVE SUMMARY 



■Introduction and Highlights 

This report summarizes the results of research effort undertaken as . 
a result of a proposal submitted to the National Science Foundation's 
Division of Science. Information in response to program solicitation 
NSF 74-38, Category 4 (Economic Characteristics of Scientific and Tech- 
nical Communication). The effort focussed on the. economic characteristics 
of information analysis centers (lAC's). 

Definition of an lAC . Aii lAC is a specialized information center 
providing services in a particular technical area. More precisely, an , 
lAC is "a formally Structured organizational unit specifically (but not 
necessa/ily exclusively,) established for the purpose of acquiring, se^. 
lecting, storing,, retrieving, evaluating, analyzing, and synthesizing 
a'body.'of informacion and/or data in a clearly defined specialized 
field of pertaining to a specific mission with the intent of compiling, 
digesting, 'repackaging, or otherwise organizing and presenting pertinent 
^information and/or -(iata in a- form most authoritative, timely, and useful 
to a society of peers and management." (See reference 1, Chapter 1.) ^ 

- Background and .Recent Developments .' (For-a detailed discussion, 

see Chapter 2.) The lAC concept is not par'ticularly^new: as many as 
^ thirteen^of what are now called lAC's were formed by^the federal govern- 
ment before the turn of the century. However", many lAC's were formed 
in the' 1960 's,. and the 1A<: concept achieved considerable prominence dur- 
ing the decade. The underlying motivation for establishing and continu- 
■ ing these Information Analysis Centers was the proposition • that existing ^ 
infon^tion systems ^ere^ inadequate for users in other disciplines and 
frequently were inadequate even to meet the needs of users wi£hin the 
discipline. The publication of research aftd development results was 
leading tQ an explosion of data and concomitan^t difficulties of identi- 
^ \ fying which data were relevant to a p^ticular^problem and distinguishing 
between valid data-ind data of questionable validity.' Another motivation 
to develop the ■ spec ial0^ information collection and dissemination 
* services which would be i?rovided by lAC's was the increasing availability 
of automated equipment. Some individuals believed that th^ use of automated 
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data handling equipment could lower the cost of meeting the user needs fbr 
accessibility of relevant information and assuran^je of the quality of the 
information. However, the total cost of such equipment^ was high and th^- 
"market*^ was disaggregated. Consequently, sponfi^s of IAC's-(many of 
them federal agencies such as the Department, ol Defense) were; necessary in 
order to establish the IAC*s. 

Recently, the rationale for establishing and maintaining lAC's with 

a 'federal funding has not been so. ci^ax. ^ Iti the 1960*3, the concept of 

information as a freely available commodity was dominant. Now, however, 
the lAC's, their users, and their sponsors are facing, &n . increasing num- 
ber of individuals who believe that information is a commodity for which 
^ users should pay. The Department of Defense, which originated and still 

sponsors many lAC's, instituted a policy in -1968 that called for centers 
to charge for their services and work toward the goal of recovering 50% of 
the contract face value by 1972 through user charges. The implementation ^ 
of this. policy emphasized the need for an understanding of the economics . 
of lAC operation and financing. The research effort described in this 
report w&s intended to contribute to such an understanding. 

Purpose of the Research .. The purpose of the research effort was to 
improve the economic information available for formulating policies and 
making decisions relating to lAC's and lAC serviced. The objectives of 
the research were: ' 

1. The development of a set of concepts and procedures'^^ 
which can be used to perform cost benefit studies of 
information service centers, » ' 

2. The application of these concepts and procedures to . - 
address crucial issues of mix,' levels, and pricing of 
information services provided by lAC's, and / 

3. The determination of the sensitivity of the results of 
the applications to possible developments and innovations 
in communications technology. 

The intent of the research was to develop a framework and tools ^r ; 
lAC managers and policy makers that , are based on sound economic principle^i. 
The results should establish measures which can help resolve issues of 
optimum lAC service levels, mix, and prices. 
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•• Highlights . The remainder of this executive summary provides a 
brief synopsis of the' results of the research. Highlights, each of 
■ which is described \n more detail in a separate section below, include: 
•lAC's have unique, distinguishing characteristics which 
' , ' set them apart from other center/ offering information services. 

These characteristics involve t;he functions of data evaluation, 
analyses, and synthesis. • -^ 

• The research effort produced cost and benefit models that • ' 

^ ^ . . . , _ 

/ illustrate interactions among lAC services. The models, represent . 

the first overall integration of observations about lAC's and lAC 
users with fundamental economic theory. Even with lower bound 
estimates of benefits* the models Indicate that lAC benefits 
exceed costs. < ) 

•Benefit data are sparse, and there are both conceptual and 
practical difficulties with identifying the benefits of 
information services. . * 
•There are complex factors associated with the utilization of 
lAC services. lAC servicS demand is consistent with a 
residual, risk averse demand model, and several descriptive 
characteristics of lAC services are judged to be Important 
to the user. 

•A mathematical formulation of optimum service levels^ indicates 
two optimal solutions: one from society's viewpoint and one 
from the manager's viewpoint. « In general, these will not be 
identical, and there is a potent^ial incompatibility between 
incentives for the lAC manager and for socially ideal investment 

* in lAC service*^. The model provides the basis for designing 
■ lAC policies and decisions; however, implementation awaits 

\ extensive empirical research. 

• Technological innovations can have significant- impacts on lAG 
activities. The general area>f electronic communications tech- 
--■ nology is expected to have substantial impacts on lAC operations, 
and these impacts are expected to be greatest in the time period 
1980 to 1985. However, the impacts of the uniqU, dlstlngif!ft>iiig 
lAC functions are judged to be less than the iihpacts of other 
functions* ^ 




Functions of ari lAC 

Chapter 2 describes Infonnation Analysis Centers and provides 
a backgroimd on their development and their potential users. The/ 
primary. functions of an lAC, as shown in Figure 1, include: » 

- Identifying and acquiring documents/ data and information; ^ 

- Scanning and screening; ^ ^ . ^ 

- Evaluation, of dara and information; 

- Performing research, data extrapolation, or d^^ta synthesis to 
fill identified gaps in knowledge; 

- Indexing and storage; ^ ^ ' 

- Communication with othier data bas^; v ^ ^ 

^ - Estimating the needs, demands, ^ and .costs of particular 
information dissemination opportunities; and .^ 
^ - The retrieval,^ screening, repackaging, and dissemination, 
of the evaluated data* ' , 

The critical ^f unction of an -lAC is the analysis or evaluation 
function. This function distinguishes an lAC from other information 
centfers .'or libraries which may provide data collection, storage, 
retrieval, and repackaging services v In addition, an lAC may perform 
research, data extrapolation, or data sjrnthesis to fill knowledge gaps 
whioh may be identified by 'the critical evaluation^. function. As a 
result of the evaluation, analysis, and synthesis ^functions, lAC s 
contribute to a field of knowledge by providing a synthesis and codi^ 
fication of ■ knowledge which might not otherwise, exist. 

An lAC may produce both customized (individualized) services and 
products provided for a "mass market". Most lAC's provide several pro- 
ducts and services generally falling in one or more of eight different ^ 
categories. . ' .... " ^ 

^ Handbooks or databooks typically includ^ data which may be numerical 
phygrical"^ constants, materials properties, or techniques which have been 
established by research or practice. These books generally are intended 
to be used as^reference books by a relatively wide audience. 

,State of tlie art reviews (SOAR's) summarize th^ state of development 
of a particular technology or technical area. Like the handbook, a SOAR 
typically is intended for a wide audience; it provides a snapshot of the 
limits of current knowledge in a particular field. 

■ iG_ . ■ 
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Critical revi^ys and technology assessments at^ similar to state . 
of the art reviews but nay go beyond evaluation ot the current states 
of "a '|:echnology.' These reviews -and' .assessments nay Inclxide a critical 
analysis of the limited factors In a research or technical- area. A 
technology assessment may- include aspects of assessments similar to " 

technology^'forecast. * . 

•V - Biblio^traghies typically are annotated and may • include brief » ab- 
st^racts.. 'aV bibliography may be. t>repared 'In response to a r^que'st- from 
•an\iidiyidu^^:or it can be prepared, by the lAC for ^. wide audience. 

: Responses to inquiries, (the inquiry re^onse service) is by defini- 
tion a customized service/. Tlie -capability ta. provide a customized" rer 
sponse'^fo a telephone or mafl ^inquiry was a key motivating factor in 
establishing DoD lAS's. - 

Current awareness services/newsletters typically are' aimed at groups 
of lAC users.. In some instances, selective dissemination of information 
(SDi) services are provided to further screen the Inforriiation "that an 
lAC user" receives on a regular basis. 

Workshops/ seminars sometlm^ are provided for lAC users, and others 
to learn of new technical developments or to establish standards and 
achieve consensus of procedures or research, needs -s. An lAC may under- 
take such a workshop or seminar on its own, or it^may respond to a 
request , by a ^particular? group. 

Symposia proceedings may be published for the lAC's own meetings 
'^or the proceedings may be published for some meeting in the field re- 
lated to the IAC*s operation. " . - 

Cost Benefit Models 

Chapter 4 describes in detail the calculation procedures ajid cost 
and benefit models developed during the research effort. The chapter 
includes example calculations of costs and benefits and illustrates, 
the sensitivity of the results to changes" in parameter values. 

The" objectives of the cost and benefit models are similar. Both 
are designed to answer four questions: 

1. What is the total benefit from (cost of) providing a 
specified level of the^ particular services offered 
by the lAC? 
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' 2. What is the change in total benefits (cost) which 

• .results from a change in the level of a ^garticular . . 
service? . 

3. What are the relationships among the benefits (costs) . 
of "providing the various 'services? That is,. (1) given 
' . ' that the lAC offers a particular set of services at ^ 
specified levels; what is the change in. total benefits ^ ^ 

(costs) resulting, from an' increase of decrease in the . 
^ - ■ • level of one. service, ^d (2) given that an lAC provides 
'. a particular set of service^-, what is the change injotal 

benefits (costs)^resulti4' from the addition or. deletion 
of "particular sei^vic'es from the set of of fered ^services? 
4. What are the impacts on total benefits (costs)^ imple- 
menting particular innovations? , . ^ 
The cost model is based on a structure fixed and variable costs. 
Fixed costs are those associated with all services (i.e.,- not allocatable 
to'a particular service) and 'costs which are invariant with the level of 
service provided. 'Variable costs are costs associated with incremental 

« • 

'cfaang*s in providing a service. _ 

The benefit model conceptually is based on supply and demand curve 
graphics.. However, the calculation procedure is based on an- estimate 
of time saved- by the lAC user and permits calculating benefits using 
hand- calculators. If one assumes that the ^AC user can productively- - 
utilize the time, then this estimate of ^ime saved founts to an esti- 
^te of the -lower bound -of benefits due t\ using an lAC service. Both 
the ^cost and benefit models are structured to account for interactions 

among services. . . 

The lower bound estimates. of benefits (based on time saved by using 
'the lAC s^ice) provides a baselin; -calculation- of lAC benefits; and 
typical cost figures were utilized for both' inquiry response service and 
the handbook service. • Even with the lower bound estimate of berTefits, 
benefits exceeded the costs- of providing the service. ; 

These models accomplish a synthesis of economic theory, with observa 
tions about the cost of supplying (and the demand for) infox^tion , 
services from an lAC into relatively simple models and calculation- 
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procedures.-^ Because the models iicl^de a^tia^^^^^ preference for . 

^ .resource flows (i:e. , ^he inea's^e^is W (NPV) of benefits 

and costs)/ programmille W^ simplify tbtf calcul^ation pro- 

cedure. In any caseil»oWever, the procedures 'are simple enough to permit 
'T'-frequent use by; tAC manajgers and policymakers. '. 
• " ■ SeMitivity apalysis were performed to detetmine the impact of d 
chaoges'in model paraii^ters on the calculation results. The 'sensitivity 
analyses indicate t>aV (1) costs are moderately sensitive to the assumed 
time horizon, the/TAC, prof ess ionals.^ salaries and time esppended , ' and the 
allocation of fixed costs/ -and" (2): beifefits are moderately sensitive to - 
the .assumed time horizon ^d the number of users per year (of the . hand- ^ 
book) and more sensitive' 4p the; (handbook) price charged by the lAC and- . 
to the aniuaVb^f It (time «aved)^. postulated for the use^^ These re- 
-sults^indicati^^additional'^f fort and study spent on improving estimates 
of benefits would be valu^le'^'ahti that lAC accounting systems should- ^ ^ 
provide for meaningful, consistent" allocation of major cost items, i^^ 
eluding professionals! time.; to particular servfee or product outputs-. 
• ^ ■ ^ f ^ ■ 

■ . ~ ' ■ -.-^ . ^ ■ ■ 

Measuring Benefits " 

.■ ■ \ ' ■ " ■■ 

Data on the actual value of^IAC service benefits are sparse. More-' 

over,' there are both conceptual^; and practical difficulties with identify- 
ing and quantifying the.'beneflt.s, of information services. ^ \ 

Benefits from an information^^Service are of two types ^ see the 't,^ 
table below) : (A) private or' organizational, and (B) social- or societal, , 
Social benefits arise from second order 'effects and from the long term 
impacts of increasing technical knowledge..; .Such benefits der^^ fr.om . 
the lAC's acting to synthesize and codify a .bpdy of knowledge. These . 
benefits are difficult (if not impossible) to measure or even to identify 
consistently. However, such social' benefits are believed to.be very real 
and are. mentioned frequently as justification for supporting lACl^Vwith 
l^lic funds and for supporting othfer knowledge endeavors; Private /or 
organizational benefits are benefits vthat. accrue directly to^the user of 
. the lAC, and these benefits, are judged;vCQ/;be only sll^tly more e|sily 
quantified. The usual measure of private or organizational benefit is the 
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user's •'willlngness,-to-payf'. However, as discussed in Appendix P, the . 
cpncept of willingness-to-pay may not adequately represent the "actual" 
valueito the user. Other " factors such as .-social barriers or organiza- * 
tional variables (see the discussion in the latter part of Chapter 2) 
-can invalidate willingness-to-pay as an indicator or private benefits. 



Types of Benefits 

— r~ 



Time/effort saving ^(coinpared with ' ^Codification of ■ Hnowl^ige 

alternative wa^ to obtaio^ information) • 

D.ca ,uall.y ■(precisi™-, accuracy) ■ ^^^^.^.^^f ' 

Data reliability (low ^rislc to use) ' pTivate benefits) 



Data or service uniqueness 

Intrinsic value of the information 
(relative) 



* 



These might arise, for example, as private benefits to one firm or 
indi^dufl have subsequent benefits on other firms or xndividuals, 
resulting in a kind ot "multiplier effect" which reflect the indirect 
benefits accruing to society- ^ ^ 



There is" at least some support for generalized propositions about 
social factors which "influence potential lAC users. These social fac- 
tors 'particularly^ are apparent when there ar^ charges for. lAC services. 

- ^ potential user, especially an engineer whojhas been hired to be 
a specialist in a particular technical area,, may be reluctant to 
"reveal his inadequacy" by requesting information from an lAC. If there 
is a charge for the service, the engineer's lack of knowledge is made 
visible if he has to request" authorization to expend money for the out- 
side service. 

\ Another social factor .related to the riser's organizational -context 
is^tfhe concept of the information gatekeeperC There is evidence to . 
support, the notion that certain i^ndividuals in an organization act as 



••information J^epfs". providing information ta other individuals, 
in the' organization. [They perform this function without formal, reco^ 
^nitidn of their statui and with no formal spot" in the organic at ion/chcj^; 
If an I^e charges 'a fee for its service, a^d |f an organization 's/gate^^^;, 
keeper dbes not have the authoritjr to purchase information setv^es. / 
then the lAC service may tend to be underutilized. In -^his^ c^se . ^ther 
than facilitating the flow of technical information. the/ga;fekeep^er acts 
as an informal barrier to effective utilization of an information re- 

source . . • ' ■ • " o. / // /' 

Another social factor related to lAC utilizatWis the^ossible 

resentment, of lAC personnel to having to assess a W'fo?: •^eir service. 

Many lAC personnel may be reluctant to promote orVyicour^e utilization 

of a service for which they must assess and collect a fee. This reluc- 
tance ^s' a carryover from days when Information/was -corisidered to be a 

..freely accessible, freely available, public good. . / 

Although any generalizations about lAC tisers h^ye many exceptions, 
several observations summarize thk criteria/that a inodel of lAC service 
demand should satisfy. These observationsyinclude: 

- Apparent low willingnessrtp-pay for^IAC services by 
potential and actual lAC users; y 

- Apparent high elasticity of demeind. i.e., a seemingly / 
small increase in price tends to produce a relatively 

\ large drop in demand for.an lAC service; ■ ^ 

\ - Small quantity of lAC service actually demanded (based 
j-l on the size of the potential market for lAC servi^ces, 

I the utilization of the service seems part icularlj^small) ; 

i - Knowledgeable individual^' who are informed about lAC 
service! but who appear tb underutilize the services; 

- High "real" value. of lAC ^s^rvices, in contrast to the 

j low apparent .willingness-to-pay and low utilization of 

I lAC services. > . . 

i lAC users typically are scientists, engineers, and technicians 

; engaged in technical pursuits. ' Chapter 6 reviews the characteristics 
of lAC services which these users believe are important. 
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. The characteristics of info^^iation and information channels judged 
to be iinportant to the potential^ and actual ^lAC user include: * cost, 
accuracy, currency^ response time, ease of access, ease of use, tech- 
nical' quality , coverage, of the topic, unders^randability , format, media, 
recall, and relevance, Qurrently available evidence is insufficient - 
to define, the relationships among these characteristics or to deduce ; _ 
the relative value lAC users place on these characteristics. It is , 
recommended that further research be undertaken to establish the relative 
values of these characteristics, especially those character^t^cs «hich 
are uniquely associated with lAC services. . 

^ ■ ' . 

Optimum Service Levels - ' ' • * , ; , , 

Chapter 5 develops a mathematical economic model that could be a" 
prescriptive tool for policy and decision making. The model is a 
supply/demand mo^l of .an lAC which provides two services, handbooks and 
inquiry resporise. The Basic model accounts for a number of diverse and 
apparently contradictory facts and observations about lAC's and shows 
these to be consistent with rational economic behavior. , 

The approach is a mathematical f ormulation^' of costs, revenues, 
demands, and benefits by lAC operations Casing handbooks and inquiry 
response. as example services) . The Lagran^ian multiplier technique is 
utilized'.to determine and compare implicit optimal values of the deci-', 
sion variables from the lAC managers' viewpoint and from society ' s . - 
viewpoint. Two optimal- solutions are found: one from society's view- ; 

point and one from the man^g4rsV viewpoint. In general, \hese two ■ / 

solulfions A,ill not be identical, illustrating the potential incompati-/. 

bility between incentives fo^r the lAC- manager and .for socially ideal 

investment in lAC services. (These incompatibilities are discussed, in 

further detail in Appendix C) . , . ' ' . - " 

iTnplementation of the optimum decision demands considerable e^i^r- 
■ ical research, to specify the detailed functional forms and parameter 

values in the model. " Numerical approximation techniques can then be 

used to solve. the set of equations. 



xii 



ijbacts of Technology 

/ . Chapters..? and 8 sufflrsarize'' the results o£ ^^^^^^b 
.examined the impacts of technological trends ^^^^vat^^^^^^,^ "^C's, 
their users, and^ the'econondcs of their opersti^^- 'ihaP^^^ ^ o^^^^^ 
potential impacts of technology and technologic^''' ^^ov^^^^^ ''^ IACb 
and lAC us^rs; and Chapter 8" postulates three ^ ^^xJi<^ 
futures in the form of scenarios of the lAC ^v^^ ^ 

In the V ^P^^^^tftn • 

the year 1985 and compares these scenarios wit^ ^ 

-ions ^ rX^^ ^ 
The general area of electronic coifflminicst> ^^^cb^ ^ 

expected "to have substantial impacts on UC op^^^^Ws. ^ , ^^^^ 



expected to he greatest in the time period 198^ ^ ^^85- 4 
pei;iod, four technological events were j^*^^ b^ ^^^^ 

- A computer-linked network of lAC's coul^- ^^^u^^f . 



the 



CO ^ 

affect the currency, technical quality 5 ^^^^^^ge 

i^-tvorV l^J ^^^^ N " 
topic, and recall capability. Such a ti^. ""^^ va^^^ ~ * 

moderately .affect response time and ea^^ ^^^^e* 

^ The advent of the availability of uatut^^ ''^85.i^t» ^gnif 

inquiry and updating is seen as being u»^^^^^^^iy ^ • ^ ^^^^ . 

• ^ 18 k direct f,^^ 

during this period. This ^capability m^o^"^"^. ^a^^ ^ ^ ^J:fect 

on the inquiry response service and woU-*- ^^ct ^. * ^ase 

of access, and ease of use.. ' ^ 

- The use of lasers for facsimile transmif/^^^ ^ 

five million pages per second), •^axtXc^'^^'^'^'^ 1^ 
with image input and storage, could ha<^ ^ ^^VsC^^^ ^ ^^ct 
during this period. Such widespread' ^X^^'^ ■ fen/^"' 
mission would affect , the currency, tecU^^^^^ ^xi&^^^^' ' ^^Pic 
coverage of lAC services. ^ ^ 

- The final event which could stib'^tatitiaJ'^^ ^^^ct ^ - , ^^^^ons^ 
is the common use of optical character ^^^=°8ti:j_^iqt» s vith 
multifont capability. Such a capablll«^5^ ^°"l-*a ii^^^'^ ""'^^rately 
significant impact on accuracy and ciurf^"^^ 0;^ jA^ ^ ^ ^^ons. 

The three alternative scenarios for 1985 ^"^^^<i^ ^ ' or 
surprise-free, scenario, a scenario, including ^ ^°^^^bJ'^ ^ ^^le 
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microfiche reader Ivmi^'^nd a scenario including' terminal-to-terminal 
conferencing.- The cost benefit model was applied to thefee^hree scen- 
arios' and coinpared witfi-the model results for 1975. Because the model 
more carefully accounts for cost," the 1985 scenarios .exhibit more 
impacts on cost than, they do "on benefits. This indicate*." that the 
impact of technology on benefits will not be on the lower bound of ben- 
efits, but is likely to be further reaching, resulting in additional^ 
individuals having access to lAC services. 

' In general, the impacts of technology .seem to be less on the dis- 
"tinguishi^g characteristics of an lAC (evaluation, ^ta analysis, and 
synthesis-) and . on lAC management functions than on other functions. _ 
This suggests -that lAC operations, although affected by technological 
change, will continue to have as their basis the key element of human 
judgment. 

Summary of Recommendatj^ nj^ - 

. T&C Accounting systems . It is recommended that lAC managers and 
^v^administrators continue to review their accounting systems and to make 
the necessary changes -to-provide for meaningful, -consistent allocation 
of- major cost items, including professional staff timS, to particular 
service or product outputs. (The DLA-administered IAC;-s_have two com- 
mon^system oriented toward these objectives). 

' Additional Research Efforts . ; It is recommended^ that additional 
•research effort be undertaken to develop an improved Cinder standing of 
the perceived benefits of, and value attributed to.'IAC services. The 
research should eventually include experiments that establish relation- 
ships* between service prices and the demand for the service.^ However, 
intermediate researcl#should establish (1) the relationships among 
information service characteristics and (2) the' relative value lAC 
users place on the^dif f erent clusters of characteristics. Such re-> 
search, especially on the unique ch^i^acteristics of lAC functions, will 
continue to be important, even with changing information technology and 
te'chnoiogical innovations.^ . 
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INTRODUCTION . 

Background 

The National Science Foundation's Division of ^Science Informatdon 
(formerly the Office of Science Information Service) emphasizes^the 
development of concepts ancf data on the economics of scientific and 
technical information communication. The research effort described in 
this report originated from program solicitation NSF 74-38, Category 4, 
.which was directed toward the "Economic Characteristics of Scientific 
and Technical Communication." The project focused on the economic 
characteristics of Information Analysis Centers (lAC's).* 

An lAC is a specialized information center. More specifically, it 

is 

"...a formally structured organizational unit specific- 
ally (but not necessarily exclusively) established for 
the purpose of acquiring, selecting, storing, retrieving, 
evaluating, analyzing, and synthesizing a body of infor- 
mation and/or -data in a clearly defined specialized field 
or pertaining to a specific mission with the intent of 
-compiling,, digesting, repac^ging-, or otherwise organiz- 
ing and p^esentjLng pertinent information and/or data in 
a form mpst authoritative, timely, and useful to a society 
of peer sij and management ."1* ^\ 



Additional discussion on the distinguishing characteristics of lAC's, 
lAC services, and lAC users is ''included in Chapter 2, ^ 

Many lAC's were developed in the 1960 's when the p^f^^^siPiig concept 
was that of information as a free public commodity .J" Recei^^y^^ cen- 



ters, their users, and their sponsors have begun to face the increasing 
conviction that information is a commodity which should be paid for by 
the user. The Department of Defense, which originated and still spon- 
sors many lAC's,. instituted a policy in 1968 that called for centers 

to charge for their services and by 1972 to be recovering at least 

2 • 

50Z of contract face value. " The implementation of this policy 
emphasized the need for an understanding of the economic impacts and 
implications of policy and decision options relating to the providing 



Superscript numbers correspond to references listed at the end of each 
chapter. A bibliography is included in Appendix A. • 



and financing of lAC services. The research effort described in this 
report was intended to . contribute to such an understanding. . 

Purpose and Oh.iectives ^ ' ■ - . - 

The purpose of the research effort is to improve the economic 

information available for formulating policy and making decisions 
regarding lAC's and lAC ser^^ces. The objectives ^re.: 

1. The development of a set of concepts and procedures whicH 

can be used to perform cost benefit studies of information , 
service centers; , 

2. The application 'of these concepts and procedures to address 
crucCal issues of mix. levels, and pricing of information 
services provided by lAC's; and 

3. The determination of the sensitivity of the results of 
the applications to possible developments and innovations 
in communication technology. , . 

The intent of the project is to develop usable -tools for lAC 
managers and lAC policy formulators vhich are based on sound economic 
principles, the research effort includes the development of cost and 
benefit measures for information services and the application of these 
:„easures to issues of optimum levels, mix, and pricing of lAC services. 

Report Overviev 

, The remainder of this report is divided into 8 chapters and 5 
appendixes. Chapter 2 examines lAC activities, provides a necessary 
background for analyzings lAC economics, and summarizes the observa- 
' tions about lAC operations anduser behavior which the economic -models 
should explain. 

Chapter 3 establishes the conceptual framework .for modeling the 
demand for TAG services. ' This framework provides a basic demand model 
that is consistent with the observations about the demand for lAC 
services. ^ 



Chapter 4 describes the practical procedures one can use to cal- • 
culate lAC costs and a lowfer bound on lAC benefits. This chapter also 
demonstrates these calculation procedures aAd presents the results of 
an analysis of the sensitivity of the model to changes in parameter values. 

Chapter 5 describes an lAC user decision model. This model comple- 
ments the model ^described in Chapter 4, providing a probabilistic formu- 
lation of user behavior that is "consistent with observations about lACj 
service demand and user behavior. 

Chapter 6 addresses the question of how lAC us6rs value the various 
characteristics or attributes (e.g., cost, timeliiiess, accuracy) of lAC 
services. This chapter suininarizes relevant useri studies and other infor- 
mation about the relative values of information service characteristics. 
Chapter 7 summarizes an effort that identified which technological 
^^..-Sjanovations and trends may impact on^articular functions, TAG activities, 
&id services. This analysis provided a basis for selecting particular 
innovations for additional study. 

Chapt'er 8 examines the economic impacts of two innovations: exten- 
sive availability of terminals permitting terminal to terminal conferenc- 
ing among researchers, and a new type of microfiche reader which would.be 
;;^dely accepted; and utilized (a "cuddly" microfiche reader). The results 
of analyzing the impacts of these innovations indicate how sensitive 
calculation procedures are to changes in communication technology. 

Chapter 9 summarizes the findings and conclusions of the research 
effort. This chapter also outlines needed and potentially fruitful re- 
search areas indicated by this project. 

Appendix A is an overview of the relevant literature,, including an 
annotated bibliography. Appendix B is a glossary of terms frequently 
used in economic analysis and cost benefit analysis. Appendix C is a 
background discussion on government funding of activities that otherwise 
might be left to private enterprise. Appendix D is an overall^^project 
narrative and provides a generally chronological account of the research 
process. Appendix E is a formulation for a method of pricing, or 
allocating costs, to joint products and services. 
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INFORMATION ANALYSIS CENTERS AND THEIR USERS 

Introduction and Highlights 

The purpose of this chapter is tox^>rovide background information 
on information Analysis Centers (lAC's) and their users. The intent 'of 
this phapter is . to summarize information and concepts that vTll be useful 
in understanding the significance and limitations of the models described 
in subsequent chapters. > 

The information in this chapter represents a synthesis.^^of background 
data" known prior to the project. Comments and opinions provided by members 
of the Overview Committee during the project, and observations of. the pro- 
ject team during and subsequent to the. research effort. The 'chapter 
includes descriptions of lAC activities, functions, products, ancf 
services, and -brief discussions of different lAC mission emphaseis. 
The chapter also includes a summary discussion on potential and actual 
lAC *users. . v 

Highlights include: 

- The LAC concept, although not new, received considerable '^emphasis 
during the 1960 Vs, with over sixty Xof the approximately 108 feder- 
ally sponsored) lAC's being formed during the period 1960. to 1969; 

- IAC*s currently are facing issues concemlti^ roles., services, and 
financial support; ' * • . 

- IAC's,..as distinguished from other information service centers, are 
characterized by analytic, evaluation, and synthesis functions and 
not just the screening, indexing, storage, retrieval, and repackaging 
of information; 

- lAC utilisation and benefits depend, among other factors, on the ^ 
informat^:oh needs of the user, the availability of other resources, 
and social factors; 

. - The demand for lAC services appears to exhibit a high-price elasti- 
city, and .potential users seem to show a willlngness-to-pay that is 
low compared with the actual value of lAC* services. 
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Backgro.und • ^ ' ' ' ^ 

As defined by. a panel of the Committee on Scientific and Technical . 
Information- (COSATI)^, an Infonnation Analysis Center provides information 
services that are characterized by evaluation, analysis, and synthesis by 
subject specialists. (Chapter 1 provides the complete definition of an lAC.^ 
The subjects range from br^in information (the Brain Information Service 
at the UCLA Scho6l of Medicine ) to x-ray attenuation coefficients (X-ray 
Attenuation- Coefficient Information Center at t;^e National Bureau of 
" Standards),. 

The lAc' concept is not new - as many as thirteen of what are now called 
lAC's were formed by the Federal Government before the" beginning of this 
century:"^ However. 70% of the lAC's ll^sted in the Directo ry of Feder all^L 
Sponsored Information Analysis Centers ^ have been formed since 1960. 
During the 1960 's, the lAC concept achi^ed considerable prominence; at 
least 62 lAC's weS forme'd' between 1960 and 1969^. The underlying mot 
tion for establishing and continuing these Information Analysis Centers 
was the proposition chat existing informatioti systems were inadequate for 
users in other disciplii^es and frequently were inadequate '-even to meet the 
needs of users wi^n the discipline. The publication of research and devel- 
opment^ results was "leading to an explosion of data and concomitant /if f icul- 
ties'of identifying which data were relevant to a^, particular problem and 
distinguishing. between valid data and. data:of questionable validity. Another 
motivation to develop the specialized information collection and dissemina- 
tion services which would be provided by'-IAC's was the increasing availabil- 
ity of automated equipment. The^use of automated .data handling equipment,^ 
it was believed, could lower thk cost of n&tihg the- us^er need? for access-, . . 
ibility of relevant information and assurance .of the' quality of the .information., . 
However, the .t^otal... cost of ^uch equipment was high and the "market" was 
disaggregated. V.Consequently. sponsors of IAC's" (many of Ith^m federal agen- ■ 
cies such as the Department of Defense) were necessary in order to establish 

the lAC's. ' - ' ' 

(■ Jlecently, however, the rationale for establishing and maintaining lAC's 
-wltK Federal funding has not been so- clear, With the disbanding of COSATI and- its 
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panel on Information Analysis Centers, there is no lotig^^ a central 
govermnent-wide focus on lAC functions and problems. Consequently* 
the lAC's are facing several issues: ^ 

- What roles should the lAC's perform? Have these roles changed, 
particularly in view of the apparent international role o£ 

^ Committee on Data for Science and Technology (CODATA) in perform- 
ing the' data evaluation function? 

- What services should the lAC's be providing? Should they P"vide 
the current services or are there other services which would be 
more beneficial to the users? * 

- How should the lAC's be supported? Should there be ^ser charges, 
and, if so, how should i^ey be determined? ' "^^^ 

/The research effort described in this report was intended to Provide 
a framework for structuring economic data* that could assist in resolving \^ 
these issues. Sit should be_noted, however, that economic data are only 
one consideration; the issues may involve Inter alia, dimensions national 
defense, and national policy. ^ \ 

lAC Functions, Products, and Services 

lAC's may 1>e quite diverse • . Some- are relatively small operations, 
having only one or two professional staff members who often are shared 
with a larger organization. Other IAC's,,^uch as the National Eti^i^Onmen- 
tal Satellite Service with 557 full time staff members » represent substan- 
tial organizational e,ntities by themselves. However, lAC's have the 
distinguishing characteristic of providing some degree of analysis and 
evaluation of the data they collect, store, and repacl^ge. Consequently, 
all lAC's share some conmionality^ in act iyi ties ianS futictlbns." \ " --^ 

lAC Functions > The. primary lAC functions may be abstracted f the' 
definition .of an lAC (see Chapter 1) an^ from observing lAC activities. 
These primary functions; diagrammed^,^ Figure 1, include: 

- identifying and acquiring ddcuaents, data, and inf ormatioti; y 

, » • - X3 . " 

' - scanning and screening; ^ - 

- evaluation of data and information; " . \ , 
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OTHER 
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- performing research to fill identified gaps in 

knowledge; 
r indexing and storage; 

licatioA with other data bases,* 
[mating the needs, demands, and costs of 
cular information dissemination opportimi- 
tiesj ' and ' • ' ^ 
. - the retrieval, screening, repackaging, and 
dissemination of the evaluated data. 
The critical function of -an lAC is the analysis, or evaluation, 
function. This evaluation/analysljs aspect distinguishes an lAC from 
other information centers or libraries which may provide data collec- 
tion, storage, retrieval, and repackaging services., Note that the 
feedback loop in Figufe 1 indicates that an lAC may perform research 
to fill gaps in knowledge which may be identified by this critical 
evaluation function. The screening function is performed twice: once 
before the data or information is stored, again after retrieval but 
before the information, is disseminated to the user. 

^ lAC Products and Serviced . ^ Table 1 lists eight basic categories 
of lAC^products and services. This list includes both customized ser- 
vices (individualized for a particular group, organization, or person, 
such as a response,, to an inquiry) and products provided for a large 
number of users (aimed at a "mass market", such as a handbook or data- 
book). Not every lAC offers each of the typ,es of products/services, 
but most LACK'S furinish severa^ of the products/services shown in the 
.table, Def initios of these products/servit^es may vary, biit the follow- 
ing paragraphs'^^dicate generally accepted distinguishing characteris- 

'tics. ■ . ' ' " ■ ■ ■ ^ ' - ' ■ " i ' ■ ' 

Handbooks or databooks typically include data, which may be 
numerical, on physical constants, mate 
which have been established by research 
erally are intended to be used as reference 



audience. . 
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Table 1. lAC .Products and Services. V 



Handbooks /Databooks 
State of the Art Reviews 

Critical Reviews and Technology Assessments 

I * 
' Bibliographies 

Responses to Inquiries 

Current Awareness Services/Newsletters 

Workshops/Seminars 

Symposia Proceedings 

* Also in magnetic tape form 



State of the Art Reviews (SOARS) summarize the state of development 
of a particular technology or technical area. Like the handbook, SOARS 
typically are intended for a wide audience; they provide a snapshot of "the 
limits of current knowledge in a particular field. J ' 

Critical Reviews and Technology Assessments are similar to state of 
the art reviews but may go beyond evaluation of the current s-tatus of a 
■technology. These documents may include a critical assessment of the 
limiting factors in a research or technical area. The tetta -"technology 
assessment", ratl^r. than referring to the -identification and , evaluation 
ofVsocial and second^ordel effects , impli-es more an assessment of the, status 
and potential future of the technology ; . it may incite aspect s ^f assess- 
ment sifniiar, to a technology forecast. ^ 

Bibliographies typically are annotated or include brief abstracts. A 
bibliography may be prepared in response to a request from an individual 
or it can be prepared by the lAC for distribution to a potentially large 
number of users before there is an actual demand for it. r ., 

BPs ponses to Inquires , or the "inquiry i-esponse" service, is. by. 
definition, a customized ^ervice/ The capability to provide a response to 
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a telephone or mail inquiry was a key factor in the rationale- for 
establishing many Department of Defense (DoD) lAC's. 

Current Awareness Services/Newsletters typically are aimed at groups 
of lAC users, though perhaps not at as broad an audience as the handbooks. 
In some instances, selective dissemination of information (SDI) services 
are provided to further screen the information that an lAC user receives 
regularly (e.g., a monthly list of new document acquisitions in the user's 
area of interest). 

Workshops/Seminars sometimes are provided for lAC users and^ others 
to learn of new technical developments, to establish standards qr achieve 
consensus on procedures or needs. An lAC may sponsor such workshops or 
seminars and may publish Symposia Proceedings of these and other meetings. 

A study of lAC services must recognize the opportunity for, and. like- 
lihood of, interactions among the services, ConsequenJljL, analyses of lAC's 
must examine the services collectively rather than singly. An obvious 
example of service interactions is that of joint costs: an lAC, once it 
has established a data base, can respond to inquiries, produce* biblio- 
graphies, and\produce -handbooks utilizing this data 'base. A more subtle 
example relates to the demand for services: an lAC "^lich publishes and 
disseminates w^^ely a comprehensive handbook may find iB reduction in the 
number of inquiries it receives. Similarly, a poor handbook 'may have little 
impact on the number of inquiries and a comprehensive^ well edited, handbook 
may have a significant impact. ^ V . ' 

Types of IAC*s. Different lAC's.may place different emphases on the 
various functions, and these different^emphases may result from significant 
differences in objectives aiSi^^'types of users being served. Three different 
-categories of lAC's may be distinguished: mission oriented, discipline 
oriented, and synoptic/census bureau. 

A missio n oriented lAC typically serves a particular set of users-, 

' % 

addressing problems which may involve more than one technical discipline. 

For example, the Tactical Technology Center at Battelle focuses on techno- 
logy related to tactical warfare; its subject areas include weapons, muni- 
tions, armor, mobility and logistics, operations analysis, surveillance, 
communications and electronics, socio-technical sciences, and ecological 
sciences. 
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A discipline oriented lAC emphasizes the review, analysis, assess- 
ment, and synthesis of information within a particular discipline and may 
serve diverse users. For example, the Thermophysical Properties Research 
Center at Purdue focuses on information such as thermal conductivity , 
thermal contact resistance, specific heat, viscosity,' and reflectivity. • 

A synoptic lAC handles large quantities of data, often in raw form, 
in areas such as oceanography and atmospherics. For example, the Bathy- 
thermograph Data Processing and Analysis Facility at the Scripps Institute 
of Oceanography has over 675,000 bathythermograph temperature data readiigs 

in its holdings. | 
Each of these types of lAC's may choose to narrow its scope by ^ J 
selectively- emphasizing particular functions or data sources. As examples, 
some lAC groups work primarily with forma} published research literature; 
other lAC groups emphasize problem solving and utilize as inputs both the 
formal published literature and other sources' such as government and 
industry reports; and still other lAC groups emphasize research on raw 
observations and empirical data. Another way of categorizing lAC's is 
according to the stage of development of the technical area being served, 
and this categorization may help characterize the role of the lAC. For 
exai^le, an lAC serving a technical area, which is just emerging as a well- 
defined focus' of research may, in essence, act as a formalized clearing- 
house for the "invisible college" of researchers performing work in that 
technical 'area. ' In" a more established and less" rapidly changing technical 
area an lAC may serve as the archival repository for authoritative facts 
■ or observational data. ^cause the role may differ in the different stages 
•of technological devetpment,.. the. benefits„ of an JAC may be subs-tantially ' 
different within the different categories of lAC. / . 

lAC Users . ^ r. ; 

lAC u%ers are at least as diverse as the lAC's they utilize, and ^ 
therefore it is difficult to offer meaningful generalizations about "lAC 
Users". However, some concept of lAC service demand is necessary in order 
to develop useful economic" models . Consequently, -this section reviews what 
is known and perceived aboui lAC users through observations and relevant 
user studies, stipulating tkt the generalizations are not universally 
applicable and that many exceptions may exist. .. . 

12 
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User Studies , The user of scientific and technical information (the 

STI user) has been studied through numerous "user studies" over the past 

fifteen years* Chapter 6 reviews and synthesizes some of the ones rele* 

vant to lAC operation. One particular study warrants further mention in 

4 

this chapter: a Defense Logistics, Agency (DLA) study of DoD lAC users • 
(DLA administers. eight lAC's for DoD). DSA examined two aspects of lAC 
users: their level of satisfaction with lAC services and their STI needs. 

For the first aspect, a survey established (1) 69Z df the respondents 
were partially or completely unaware of . tl^e existence and services of the 
lAC's;. of the remaining 31Z of the respondents, (2^ 95Z were satisfied 
with the technical fields covered by the lAC's, and (3) 93% were satisfied 
with the products and services offered by the lAC's. (The first— finding 
stimulated the initiation of new programs to increase the ^^^ness of 
lAC's among DoD scientists and engineers). ^ 

Another survey aimed .at identifying joV related STI needs of DoD 
scientists, and engineers. This survey established that almost three- 
fourths of the respondents experienced difficulty in locating, obtaining 
and using STI. The STI needs focussesd on facts, data, constants, or 
other research findings rather than other types of STI. (This finding^ 
supported the recommendation that DLA increase the -number of handbooks, 
databooks, and state-of-^the-art reports). 

Social Factors. There is at least superficial, face validity to 
several generalized propositions about social factors which influence 
potential lAC users. These social factors aris^ from the work environ- 
ment of the potential user, particularly if there is a fee assessed for 
"utilizing an ^AC '-service . 

A potei^tial user, especially an engineer who was hired to be a spec- 
ialist in a particular technical area, may be .reluctant to "reveal his 
ignorance" by request ing^ information from an lAC- More precisely, he may 
be reluctant tp , reveal his ignorance by requesting funds (or an authori- 
zation for an expenditure) for ah information service outside his own 
organization. By having to request funds, the engineer's need for assistai 



becomes visible, and he no longer may be perceived as knowing everything 
he needs to know to perform his job. 

Another factor related to the service charge is the possible resent- 
mentof lAC personnel to having. to assess the fee for service. The concept 

of providing information as a free^^ervice persists, and lAC staff are 
^ot* immune. Consequently. lAC personnel -may be reluctant to- promote or 

encourage, the utilization of a service f or , which they must assess and . 

collect a fee. 

A third sc'cial factor is^ related to Tom Allen's concept of the infor- 
mation gatekeeper, who acts as a clearinghouse for STI information within 
an organization.^ Because the gatekeeper is part of the informal organiza- 
tlonal structure, he may not have the authority to purchase outside infor^ 
mation services. . (An exception would be the gatekeeper who also was the 
organization's iiVarian.) Consequently, the lAC might tend to.be under- 
utilized with the gatekeeper acting as-^n informal barrier to direct lAC 
utilization by the individual needing the information. 

• These three factors, to the extent that .they operate within, the • • 
potential lAC user's environi^ent . all tend to reduce the utilization of 
lAC services. ^ They tend to prevent information needs from being translated 
iirto ac^tual demands for information services- ' ' - 

User Typology" Our understanding of (potential . and actual) lAC users 
is inadequate to permit, th^ design of a meaningful typology. But any such 
typology probably would include the following dimensions:. 

- Informational requirements/situational needs. "Two cases may be 
• " distinguished.'' In one cas^'^ the user desireS background informa- 
tion that has no immediate utility., .Information such as that desired 
.'to maintain technical proficiency and current awareness has-been 
termed' "nutritional inf ormation"^ In .the other case, the user is 
attempting to resolve an issue or to ^ solve a problem; the utility • ' 
• of the information is determined . by how well it helps solve the . 
Vroblem. The benefits of information services are. likely to be 
n^easured. or at least perceived, differently in the two cases.-For . 
examp-le, information used in solving a problem will have relatively 
well-aefined requirements of timeliness (u'rgency) . reliability/ 
confidence, accuracy, and precision. • 
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- Informational resources • Rather than examine potential users^ 
' . ' according, to the size of the employing organization, it seems more 
relevant to consider the informational resources available other 
than the lAC* A potential user vith an effective in-house infor- 
mation service, ceteris paribus , will be less likely to utilize 
"^SC^' lAC services than a potential user without the availability .t>f y 



such a service. Also included in this dimension is the" nature 
of the information "market" in the "technical area of nefed* If — 
' . the lAC effectively is the only source for the tieeded information 

service, then the potential user faces a different sitiiation than \ 
if there are several optional sources for the service. 

- Financial resources and procedures. Assuming an lAC charges a 
fee for its services, a potential user who has no "discretionary 
funds or who has to justify expenditures for outside information 
services is less likely to utilize an lAC service than a potential 
user who does not have these financial constraints. - 

■ - State of knowledge/awareness. A potential user who. is te^chnically 

up-to-date in the lAC's field of competence may be less, likely to. 

- utilize an lAC service than one who. has greater information needs. 

' ' However, a potential user who is ignorant or unaware of the benefits 

- ■ ■ ' • ■ J. ■ ' ' 

' of lAC services is not likely to become an actual user until. he 

recognizes the benefits. ' 

- User^s perception regarding the nature of the expense. The expense 
of utilizing an lAC service may be perceived either as a problem- 
solvi-ng expense or as a capital expenditure. This perception ^ 
-might indicate the decision process that a potential user engages 

to decide whether or not to utilize the lAC service. (This dimension 
could be related, i.e. ,* nonorthogonal, to the informational require- 
ments dimension discussed above.) 
Summary:. Criteria for lAC User Models . Recalling ■ the stipulation at the 
beginning of this section, that many exceptions may exist to any generali- 
zations 3bout lAC users, the following observations ("stylized facts") 
summarize the facts that an economic model of lAC service, demand should 
address. These criteria, although seemingly contradictory in some cases, *^ 

• / • • • - 

• . . , / . . ' 

z ' . . . ■■ \ •- ^ 
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seem consistent with observations the limited research findings • 
on the demand for lAC services or for information services in general,. 
. - Apparent low willingness-to-pay for lAC, services potential 

• and actual lAC users. Subsequent to the initiatiot. of fees for 
services after a^period of free services, the number of requests 
for service drops substantially. (In some cases, the center 
experiences only a temporary drop in demand which later grows at 
approximately the same rate as before the initiation of fees. 

.. In othe.^ cases, the demand has remained low.). Similarly informa- 
tion c^ter manager's have reported that a significant number of 
requests for information are cancelled^ when the requestor is xn- , ^ 
formed of the charging/ fee policy. V ' - . . . 

• ^. - Apparent high elasticity of demand. Similar to the above observa- 

tion, a seemingly smalL increase in price tends to produce a rela- 
tively large drop in demand, ^ 
■ - S»all quantities of lAC services actually de„anded. This observation 
' is- a judgment based on the size of the potential market tor lAC 
services. (It.,ay reflect primarily a lack of awareness of the 
availability of the Services.) 
- Knowledgeabl.e individuals »ho are informed - about lAC servicesbu, , 
„ho appear , to underitili.e these services. As opposed to someone 
who is unaware of an lAC. this ob^servatlon concem^otential users 
who are well informed but do not utilize 1^'. for other reasons, , 
: . such as the social factor meniioned above^or the lack of appropriate 
financial resources or authorization. '10,11 
^ - Apparent "re^l•^yalue^AC services. • AnecdotaV .v;idence ; .^ ^ ^ s^^^^^ 
' , that lAC services .ha;;rhigh value to- the uler.. in contrast to the 
' - . :; aow- (appare;^) willingness^to-pay and " low utilizatl,. of lAC services.. 

■ L interactions among serVice demands. This is a postulate that has - 
. • face validity; examples include (1) the reduction of demand for^an 
. • Wiry response se^ice^subsequentto*epublica.:^>a of a handbook^ , 

and (2) the stimuluVfor the publication of a sta.e of. the art review, 
handbook, or bibliography arising from a high numho. of inquiries » 
• regarding a parti?ular subject or technical question. 
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CONCEPTUAL' FRAMEWORKr ^_ THE DEMAND FOR lAC SERVICES 

-oductlon and Highlights ^ 
This chapter presents the <^c^eepts ne^cessary l:o establish the ^ 
hasis for cost benefit analyses of information analysis centers. 
The chapter includes a brief discussion of th^ model approach, 
criteria vhich the conceptual framework must meet,-. an outlin'e of 
the economic model, and a discussion of the implications of the 

model. - . 

' Highlights of the chapter include: ^ . ' 

- A conceptual framework which is consistent both 
with observations about ther demand for lAC services 

and with fundamental economic' principles; 
' - A potential user submodel which characterizes demand 
fcr lAC services as a residual (excess), risk-averse 

demand; . - ^ . ' • ' 

. . . - Graphical descriptions of t^e potend'al user sub- ^ 
~ . 'model and the economic model of.the lAC; and . 
' " - Modea. implications which include, epistemological, 
■ . £ong-range,-near t^Vm, W'iB^^^ 
: Itmnedi^ie. implications include the, basis f^^^ 

"^"^ lines for calculating an estimated lower bound on lAC 
benefits^ / . / _ 

, ■ ' - . . 

The^ Model Approach ' ' , ' 

The conceptu^approach adopted for this study is economic 
n.odeling pf the lAC and the (potential and actual) lAC user. Similar 
to systems modeling in any research effort, modeling of the lAC-IAC 
user system accomplishes several objectives: 

' 1. understanding - of the key elements and behavioral 
assumptions, of hov these' elements and assumptions 
interact in th^ system's operation; 



2, measureiDent Capability by-circumscxibing and 

is 



. ■ ■ ■ ' '( 

^ap 

explaining system behavior; the mo^el identifies 
items vhich require measurement and suggestfe ^methods 
of 'measuring these items; * ' 

3* requisite data - the model identifies what data ^ 
are necessj^ry and what data may be ignored for 
analyzing particular issues; 

4/ simulation capability - the model permits the 

evaluation of different policies by determining the 
outcome of alternative sets of assumptions and 
parameter values in a prescribed> consistent manner; 

5. optimization possibility - the model parameter may 
be varied to determine an optimum operating point; 
if the model adequately represents reality, the 
results may bemused to set optimum operating conditions 
for the actual system; and 

fr. new results/extensions - by integrating all the parts 
of the system, the model may suggest previously un- 
recognized results and policies which extend beyond 
the' original scope of the model alone. 



Model Criteria * , ' . 

In constructing models for specific systems, the approach is 
I to work from a general framework, applicable to a wide class of 
F phenomena, to model which accountsr^ for, the observations on, and 

facts about, the particular system. The particular observations (or 
^ "stylized facts" as they are called in economic growth literature) 
for the lAC-IAC tiser system include those listed below. These are 
summarized from the project team's observations, from observations 
and comments from the members of the Overview Committee, and from 
comments and observations from lAG managers and staff members. 



(Chapter 2 discusses the background from which these observations are 
distilled). '-The constructed nodel oust, as a minimum, be consistent 
with these observations: ' . 

1. Low willingnes3-to-pay by actual and potential users 

of lAC services; 

2. High elasticity of demand for lAC services;' 

3. Small quantities of lAC services demanded; 

A. The existence of individuals who are knowledgeable 
and informed about lAC's but who are non-users or 
under-users of lAC services;- ' • 

5. High "real" value of lAC services; and 

6. Interaction among the demands for different services; in 
particular, reduced demand for other services with in- 
creased h an dh6»qk^ sales. 



Model Framework . • 

The principal, component of the lAC system model is the (potential^ 
user sub-model. His demand for lAC services is modeled aS a 
residual (br excess) , risk-averse demand . It is a residual deinand 
because each user can, to some extent, supply himself with' information 
similar to, that which an lAC supplies, and the demand for lAC services 
is thus the "residual", or "excess" demand- (Ironically, the indi- 
vidual's ability to supply himself, and thus avoid using the iac, njay 
depend on the quality of the IAC' s handbook) . 

The model initially assumes that the potential user has several 
sources for information of equivalent' quality and is motivated solely 
by economic efficiency.' He thus makes the decision' on - the quantity 
"*of information he purchases and chooses his supplier (IAC or self) 
on an economic basis. (Note that "self' supply can represent alf noO' 
lAC alternatives, with no. loss of generality). , 

Figure 2 illustrates a potential user's supply and demand curves 
for Information. One supply curve (labeled "no Handbook") 'is a user's 
marginal cost of self-supply without an IAC handbook and the other 
supply curve (labeled "with Handbook") is th^t user's marginal <:ost 

■ 20 
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of self-supply >fich the lAC handbook. The latter is to the right of 
the former, indicating that possessing an lAC handbook reduces the 

cost of self-supply\V^ . 
..^ NoW assume the user has no lAC handbook, and the lAC charges a price 
of P* per unit of information service. Under these conditions, the user 
will supply Q2 units himself (his supply curve is beneath the lAC price 
for" Q < Q.) and will purchase .Q3 - Q2 units ,from the lAC. In general, 
the model indicates that the demand for .lAC information services is the 
difference betwee n ^ "^^r'.c. demand and supply curves below their inter- 
section.. Figure 3 illustrates the demands for- lAC services corresponding 
to Figure 2,. Note that the model, as described thus far, indicates the 

following: ' 
, the highest price a user is willing to pay for lAC services is , 
' far. more elastic than the demand for all information services; 
- the user's possession of an lAC handbook reduces his demand 

for (other) lAC services'. (This latter statement is not surprising, 
since a handbook may be, "in a real sense, the £roduct of experience 

in other services.) ^ ■ ^ 

The model as " constructed above is a deterministic model with a 
'rational, optimizing user, and it already accounts for several of the 
stylized facts for which it is'intended. However, additional factors 
must be added if the model is to account 'for the remaining observations. 
This is accomplished by developing a probabilistic model, and the assumptions 
for such a model are summarized below,- ^ 
' First, assume that lAC services have a randomly distributed value, 
and assume the user' periodically must "justify", his use of an lAC.by 
demonstrating to an "auditor" that over the preceding period the benefits 
from using the lAC have exceeded the costs. Assume the user suffers a 
penalty (perhaps only psychic) if , af audit time, benefits ^<3o not " exceed 
costs; and, moreover, he enjoys only a small reward if benefits- do exceed 
costs. Under these circumstances, the user will be risk^averse. He may 
be willing to accept a iprobability of perhaps only 5% that at audit time ■ 
benefits will not exceed costs. It can be easily shown that even if the 
expected value of lAC use is positive, .the user, may never find the risk , 



acceptable^ particulary if audits occur at frequent- intervals and the 
opportunities for li^C use are not frequent. This model illustrates the 
rationality of some potential users not to use an lAC, even though its 
expected long run value is positive. (This result stems from the in- 
stitutional justification process which lAC iise often entails). 

■ ■ • ■ X 

Implications of the Model 

The model summarized above accounts for all the "stylized facts" 
initially presented and. thus §erves as a convenient descriptive tool* 
It also offers a useful framework for economic analyses of lAC's. The 
utility as a framework seems to be evidenced at _four distinct levels: 
epfstemological, long run applications, short run applications, and 
immediate applications. 

Epis temological , At this level, the model provides a rational, 
ititernally consistent systemization of the bits and pieces of knowledge » 
of lAC economics. It provides a framework for additional speculation 
and suggests potentially revealing experiments which could lead to 
greater understanding of the demands for lAC services, 

Lon^ Run Applications. The model identifies concepts for which 
measurement techniques must be developed, especially if optimization is 
attempted. For example, an optimization model for lAC managers and 
policy makers seeks to set what might be called a "second best" price 
for lAC products and services. This "second best" price is a prj^ce 
which is socially optimum within a constraint, the constraint being that 
the lAC should break-even (revenues equal expenditures) • Thus it is 
necessary to have measures of service benefits, costs, and break-even 
levels in order to determine the desired service price. 

Short Run/Near Term Applications. The model focuses attention on^ 
variables^for which data now do not exist but for which data should be / 
collected in the near future, especially for complete cost benefit analyses- 
For example, historic data necessary to construct demand curves for lAC ^ 
services are sparse, and careful records of the number of users at different 
price levels should be kept. 
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idlate Applications. The immediate utility of the model is as 
a gui& to a "first cut" cost benefit analysis, and later chapters of 
this report emphasize this application. Figure 4 illustrates the con- 
ceptual basis for a benefit model which provides a lower bound on benefits, 
and the following discussion is based on this figure. 

The tbtal net benefits of an, lAC ^re- represented by the regiort^cir- 

cumscribed by the points - " . 

A B C H J G F . -• . . 

Similarly, the net benefits from a handbook are represented by the region 

outlined by _ 

• A B C D E F , ■ , 

. and the ' Tnareinal net be ;^^f-.-r<^ nf other services are represented by the 
region 

G E D. H J . ■ 

If Q - Q. , the demand for lAC services, ±^ small, then handbook use 

^ ^ r.f Tar v>pnpfits. The value, of handbook 

accounts for the greatest portion of lAC benetxcs. 

use is the area between the supply (marginal cost) curves, and the " 

value can be calculated from the* product 

(cost savings per use)x(number of uses). 
The next chapter describes in more detail procedures for calculating 
the benefits and costs of lAC services. These procedures, based on the above 
conceptual -framework,- permit the lAC manager or policy maker to estimate 
costs and benefits associated with an lAC service or with the entire lAC, 
operation. These calculation procedures are designed to provide a well- 
defined method that requires only a hand calculator . (preferably a progra^- ^ 

' mable calculator^ for efficient 'operation. • ■ 
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. • COST AND BENEFIT MODELS AND CALCULATION PROCEDURES 

Introduction and Highlights • , ' ^ 

The establishment and operation of an lAC result in costs and ' 
benefits both to the direct users of the UC and to society as well. 
The ideai model would account for all the significant costs and bene- 
fits, both private and social. The paucity of, and difficulty of ob- 
taining reliable data, especially benefit data, or estimates from the 
existing data renders such a model currently impractical.. The models - 
described here quantify some of the benefits td the user of the lAC . 
and the costs of providing lAC services. The models are intended to 
be useful -for decisioti making by lAC managers. The following sections 
describe ^the'objectives of /the models, review the cost benefit approach, 
and 'de^tribe the benefit and cost models, calculation procedures, and 
some preliminary results. 

"Chapter highlights include: 

- Cost and benefit models that aire consistent with fundamental 
economic principles and that are simple, easy to use (requir- 
ing only a )ian4 calculator); ■ ' 

. /l A straightforward fixpd-plus-variable cost calculation procedure 
based on cost component data that can be routinely collected , 

by an'TLAC; . - 

- A benefit calculation procedure based on estimates of the 
■ . value of "user time/ saved"; this yields/a, lower bound on 

- estimated benefits!^ from lAC services;. 

- Example baseline calculations using the procedures indicate 
that benefits, exceed costs even for conservative, lower , . 
bound estimates of benefits; and 

; r Sensitivity analyses indicate that (1) costs: are moderately • 
sensitive to the assumed time Mrizon, lAC professionals' 
. salaries, and time expended, and the allocation of f ixed costs, 
and (2) benefits- are moderately sensitive to the assumed 



time horizon and number of users per year (handbook) and more ; 
sensitive to the (handbook) price charged by the lAC and to 
the annual benefit (time saved) pQStulated for the user. 




Model Objectives 

The objectives^f the benefit model parallel those of the cofit 
model. As such, each model is designed to answer four questions: 
1. What is the total benefit from (cost of) providing 

specified level of the particular services offered by the,IAC? 
'2. What is the change in total benefits (costs) which results from 

a change in the level of a particular service? 

3. What are the relationships among the benefits (costs) of 
providing the various services, tjiat is, (1) /-given that the 
lAC offers a particular set of services at specified levels, . 
what is the change in tdtal benefits (costs) resulting from • 
an increase or decrease in the level of one service, and (2) 
given that an lAC provides a particular set of services, what 
is the cTiange in total benefits (costs) resulting from the 
addition or deletion of particular services frot* the set of 
offered services? , ' y - 

4. What are the iiig>acts on total benefits (^osts) of implementing 
particular innovations? * ^ 

. \ . - 

Review of the. Cost Benef^^ Approach 

. ^ ■» , - ■ ■ . 

Cost benefit analysis is a method for evaluating - the relative 

worth, or -value, of a particular decision, policy, or course pjc action 
compared with other decisions, pc^Jjj^ies, or actions. The evaluation is 
based on economic measures of the value of a project; these measures 
may include cost or the benefit cost ratio, the payback period, and 
net present value (NPV). For examining the economics of lAC's, NPV is 
an appropriate measure. , . ' ^ 

The NPV of a project is a sdUigle number representing the net bene- 
fits of all present and future resource flows, where future cost^ and 
benefits are discounted to account for the decreased value of a future 



benefit or cost. (For example, it is evident that oue. would prefer 
having $100 nov rather than receiving $100 a year from now;, having ■ 
the $100 now permits its investment and its. being productive for a 
year. ' If one is indifferent to nOO now and $11CJ a year f roitr now," ^ 
then one's discount rate is .10, or 10%.) . 

A more precise for^iulation for the net present value (NPV)-. of • . 
a project having 'costs C and benefits B now and through H future time 
-periods is 

NPV = Bq-Cq 



^ Bi -Ci^ B2-C2 + _ . +^HfH 



(1-K3) (1-Hi)^ 



t t , where 



^t 



^ t - ' " ' 

t=o a+^v 

benefit (positive resource flow) < in time period t, 
C^. = cost (negative resource flow) in time period t, 
d ■= discount rate, and ' ^ 

' ; H = time horizon (generally taken as the economfe: 

. . lifetime of the project.) ' 

Evaluation of two projects, or .scenarios, can be accomplished by 
computing the NPV of the resource -flows' for each of the projects, an^ . 
the additional net benef its ^of one over the other can be carculated .by v 
subtracting the" NPV of one.^from the NPV of the other. However, because 
the difference between th^ sums of two series is identical to the sum 
of the differences between Lhe series, the net benefits of one project 
over another can be calculated by finding the NPV,of the differences 
in costs- and benefits. between the two projects. Similarly, one can 
also calculate the present' v&e of the time stream of benefits and 
compare this with the present .value of the time stream of costs; this • 
is the approach illustrated in the following sections. (Appendix B 
is a glossary, which includes terms used in cost benefit analyses.) 

In performing the evaluation, two issues are Important: costs and 
benefits accruing to_ whom, and the choice of discount ratk. These con- 
siderations are discussed in the following paragraphs- 



Determining Costs and Benefits . For a particular project and a \^ 
particular decision contexf , two sets of individuals may be distinguished: 
a set. A, of individuals whose members will be affected by the project, 
and a set/ B, for whom^the project Is being conducted. Normally,, sets. 
A and B will not be id*entical, and A will not be ^ subset of B. If 
thla is th€^ case, then externalities , impacts not included in an evalua- 
tion of the Impacts on the set B for whom the project Is intended, will 
exist. Externalities can be particularly evident whfen one analyzes a 
project (e.g., a' manufacturing operation) from an investor's viewpoint: 
the actual cash flow enters into the analysis, but noncash costs (e.g. j 
air and wateV pollution) and benefits (city prestige and pride resulting ' 
from the new industry) are not included. ^ - 

For the models presented in the following sections, the viewpoint 
■ ■ ■ f 
is-D.S. society^ Benefits and costs accruing to individuals and organi-- ^ 

zatlons outside the U.S. are not included. Similarly, as discussed in 
Appendix D the analysis quantifies only private/organizational benefiCs. 

From Figure 5, for example, the benefits of the handbook can be ^ 
calculated from the difference between the "users* supply curve (without 
the handbook)" and the lAC supply curve. Figure 5 can be interpreted 
as a "snapshot" view of the aggregated supply arid demand curves or of 
the -supply and demand dtxfves' which a particular individual might perceive 
at a given instant of time . Thus the benefits -for a year would be esti- 
mated by accruing the benefits for each use over -the number of uses dur- 
ing the year. For each use o^^-tlifeiiaxf^pbk-, the benefit (the difference 
between the users' supply curveiyid the lAC supply curve) can be estimated 
to be the time saved (e.g., in hours) .multiplied by the value per unit 
time (e.g., dourly salar'y rate of the lAC user times an "overhead factor). 
; The present value of the benefits from the handbook would then be the 
discounted stream of annual benefits summed, over the life of the handbook. 

/ Determining the Discount Rate ^ For an analysis from a, ^oci^etal view- 
point, ,the appropriate rate is the societal discount rate, representing 
the degree to which society as 4 whole is willing to give up present 
consumption for future cprisumptioh* Although considerable research a%d 
debate are evident, econoniists generally - have concljided that calculating 



the social, discount rate is npf amenable to economic analysis' alode. 
Moreover, there is no widely accepted, "correct" rate to use in cost 
benefit. analyses. Some analysts have argued £br rates as low as 0%;" 
others have used thte government loan repayment interest rate (e.g., 
8:5%). For this project, a rate of ,6% is used as a baseline rate, 
bu.t a sensitivity analysis indicates t^iat" the results are relatively 
insensitive to the assumed rate. 



Benefi t Model 



Scope and Limitations . The benefit model, as presented in the 
following paragraphs, can be used to address the first and second of the 
questions listed under the above section, VModel Objectives." T^e 
model' subsequently -^an be extended to. address the third and fourth of 
those questions. 

. . The model utilizes" estimates of benefits based on the value of time 
saved as a result of using an .lAC service, a private (6r organizational) 
benefit.- This estimate presumes that the . alternative information supply 
^"self supply") Wtild -yield data or information having quality equivalent 
tc' that provided by^ the lAC. Because a \ey role of the lAC is to assure 
da-a quality (thrc(ug? the functions of ana^lysis, evaluation,: and syn- 
thesis), there is,Vima facie, reason to believe that the lAC data- would 
have greater intrinsic value , (e.g. . there would be. less risk or uncertain 
t:^ associated' with using -lAC dat^). . Consequently,; this methd^d of estimat 
ir.g. benefits is a Ipwer bound on l||befits, at best; 'there might be otlier. 
appi^oaches which wjlld: establish a higher lower bound. However, . even ^ ^ 
with this limitation, .this 5>ethod. at least establishes a quantitative 
estimate of benefits that is , consistent ^ith fundamental economic princi- 
ples' and with a conceptual framework that can be a basis for .subsequent 

improvement. ' ' 

Model Formulation . The, total benef its_. in a g^i^en time peri6d Tto 

psers of an I AC can be expressed as: ^/ 



i-i 

where #® 



\ 



til 'til 

b. . « the net benefit to thfe i user of the j service 

' th 

m. » number of users of the j service 

k « number of services 

Since it would be extremely difficult to determine the benefit to each user 
of each service, the approach to simplify the calculation of total benefits 
is to estis^te t^ average benefit to each user and then multiply this 
benefit by the number of users of the service. Using this approach, the 
expression for total beneflts^in a given year is: 

where • ' 

b, average net benefit to each user of the k^^ service 

. ^ k . , .r. 

« number of usei;-s of the k^^ service per time period 

This approach results in the tbpal benefits per time period. To 
•detfermtne the ^et present /value. (NEV) of futute benefits, the benefits in 

future years must be 'discounted usin^ an appropriate discount factor. The 

.-, ■ ' ■ . • ■ ■ . ' • . . » ■ * 

net present value of the stream o|^ benefits can be represented as 

^ (1+r)^ (l+r)5 (1+r) 

# ■ 

' where 

Bj^ benefits to users in year h ' 
* r discount rate ^ 



Altematively, the net present value of -the benefits for each ser^iice can 
»e determined and then summed to give HPV^: 



NPV 



B 



NPVj^ + NPV2 + 



NPV. 



k 



where 



HPV = present value of the "^stream of net benefits ^ 
th 

for the k . service 
. For the purposes of" this model, the latter approach. is used. The pro- 
cedures for calculating the benefits of each service are outlined in 
the following sections. ^ P , 

Benefit Calculations . The quantitative measure of benefits used 
here is the time (and thus money) the user saves by utilizing an lAC 
service rather than obtaining the information by alternative methods. 
•This approaclL-Pesults in a lower bound on the benefits of an lAC because 
it ignores the -value of the information to the use^iand any benefits to 
society that result from the existence and operation of the lAC. 

Two basic conditions arise in the consideration of the benefits' of 
lAC services. In the first, the benefit to the user in terms of/ time saved 
occurs only at the time the service is provided (as does the cost of ob- 
taining the service from the lAC) . This' is the case for inquiry response 
and bibliographic search services. In the second case, the benefits may 
continue to occur in later time periods even though the cost of obtaining 
the service only occurs once. This is the case for handbooks and to some ' 
extent for state of the art reports. In the first case, the lAC service , 
will normally be used once in answering a specific question whereas in 
the second case the user may refer to a handbook on several occasions over 
a period of years to answer .different questions. 

For the first case, the benefits per time period can be calculated 
using the f ollowlng^rocedure : 



. J 



^ - . 
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1. Estimate the time (in hotfrs) the user saves by utilizing the 
lAC rather than obtaining the information by alternative means. 

2* Estimate the per hour value of this time to the user (e.g.> 
salary plus overhead). 

3. Estimate the cost to the user of obtaining this information from 
the lAC. • 

4. Calculate the benefit to each user by multiplying the results of 
step (1) by the results of (2) and then subtracting the results 
of (3). 

5. Estimate the number of users of the service during the time 
period of interest (normally one year). 

6. Calculate the benefits (per time period) by multiplying the ^ 
results of step (4) by the results of step (5X. 

The benefits for inquiry reisponse services and bibliographic search 
services can be calculated for ars^Tnany future years as desired. This 
stream of benefits can then be discounted using a suitable discount factor. 

NPV„„„v - . \ + • 



B(IR) (1-H:) (^^^^2 ••••• (1^^)^ 



where 



NPV^,v^^ « net present value of benefits' of inquiry 
• * response service 

= benefits in yeaV h from inquiry response service 

. n . 

t - discount rate 

For the second case, a slightly different procedure is^used since 
benefits are assumed to continue for as* many years aSx the handbook is. 
useful, although the cost of purchasing the handbook occurs only once. 
The procfe^ure to calculate benefits in any given year, is as follows: 

1. Estimate the cumulative sales of the handbook through the year 
. of interest. \ - 

2. Estimate the average number \of hours that the handbO'^k saves 
each user each year. ^ 



3. Estimate the per hour value of this time to the user. " 
■*A. Multiply the results of step (1) by- those of step ^(2) and (3) to 
obtain the gross benefit for the year of interest. 

5. Estimate the sales of the handbook in t^e year of interest. 

6. Estimate the purchase price of the handbook. 

7. Multiply the results of step (5) by the results of step C6) . 

8. Subtract the result obtained in step (7f from the gross benefit 
- step (4) - to obtain the net benefits to all users for that 

year. • 
This procedure should be repeated for as ibany years as the handbook 
is considered to be useful. The resulting stream of benefits is then 
converted into the net present value of benefits using a suitable discount 
factor. 

Preliminary Results . Applying the above procedures for a set of 
reasonable estimated values yields initial estimates of benefits, and a 
sensitivity analysis provides guidance on vhich estimates are most critical. 
Table 2 presents the name of each model parameter, an assumed baseline 
value for tftis parameter, a range of possible values, and the sensitivity 
of the result of the model (NPV) to changes in this parameter for an. In- 
quiry response service. ' This sensitivity measure is defined as 

' ^1 '^1 

vhere - 

■^P = the change in parameter of interest 
1 ■ ^ • 

P « the baseline valu^of the -r^rameter of Interest 
1 " • ^ „ 

A NPV = the change in NPV due to change in P^^ 

NPV = baseline value of NPV 



The sensitivity is useful ip. assessing th^ changes in the output of 
the model to changes in paramet^V values/ Thu.. if the sensitivity of the 
model to a certain parameter is 1 .9, then a ^OZ change in the value of that 
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Table 2. Benefit Model Parameters - Inquiry Response 







Baseline 


Expected 






Parameter 


Value 


Range 


of Values 


Sensitivity 




Time Saved Per Use (Brs) 


5 


0 


- 16 




• 


Number of. Uses Per Year 


1 


0 


- 10 






Value Per Hour ($) 


.15 


5 


- 30 






Annual Benefit ($) 


75 


10 


- lopo 


3.0 




Price Charged by lAC ($) 


40 


0 


- 1000 






* Number of Users Per Year 


1000 


100 


- 3000 


1.0 




Discount Rate (2) 


6 


3 


-12 


-0.3 




Time Horizon (Yrs) 


10 


5 


- 20 ■ 





NPV^ (Using Baseline Values) « $257,603 



^ 
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parameter (from baseline value) will change the output of the model by 
19% (from the baseline value). 

Note that the first three parameters in the table - hours saved 
per use, number of uses per year, and value of time^saved per hour - are- 
combined to obtain the annual benefit to each user 'and that the sensitiv- 
ity is expressed in terms of this annual benefit rather than the three 
parameters separately. As the data in the table 'demonstrate, the results 
of the model (at the baseline) are very sensitive to estimated annual 
benefits and to cost to the user of inquiry services, while the results 
are relatively insensitive to choice of discount rate or' to time horizon 
considered. Using the baseline values for all the' parameters listed, 
tbe net present vaUxe (per user) of the inquiry response service is $258: 

Similarily. Table 3 presents parameters, baseline parameter values, 
rapges of parameter values and sensitivities for the benefit model for 
handbooks produced and sold by an lAC As with the inquiry response 
Aodel, the, handbook model is sensitive to the estii^te of annual benefits 
to each user: ^It is most sensitive to the lifetime of the handbook. It 
is relatively insensitive to the cost of the handbook (sales of handbook 
held constant) and the discount rate used. Using the baseline values of 
Che parameters listed, the net present value per handbook sold is 



Table 3. Benefit Model Parameters - Handbook 



Baseline Expected 
Parameter A^alue ' ^Range of Values Sensitivity 



Time Saved Per Use (Hrs) 


2 


/) 


- 16 




MfttnVi^*!- of Uses Per Year 


'l 


0 


- 10 




Value Per Hour ($) 


15 


5 


- 30 


• 


Annual Benefit for Each User ($) 


' 30 


10 


- 1000 


1.7 


Cost of Handbook ($) 


35 


5 


- 100 


-0.7 


Lifetime of Handbook (Yrs) 


5 


2 


- 10 


2.4 


Total Number of Handbooks Sold 


1000 


100 - 


- 20,000 


IkO 


Discount Rate (%) 


6 


. 3 


- 12 


-0.2 


Percent of Total Sales by Years 


1^15%; 2-25%; 









3-25Z;4-20%; 
5-15Z 



NPV_ (Using Baseline Values) - $44,359 
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Cost Model , - ^ 

Scope and Limitations . The cost model Is intended to address the 
four questions listed under the above section, 'Itodel Objectives". This 
allows the costs pf operating an lAC at particular levels of service to be/ 
compared with the estimated benefits of the lAC at those levels of s'ervic 
to determine the level or mix of service that is economically optimum. 

The; emphasis of the model is on eqonomlc rather than ac^joxmtlng 
costs; the former is ^ measure of the total resources employed in an lAC 
and thus is the relevant variable for decision making. For clarity, the 
derivation and formulation of the model iticludes each significant cost 
item explicitly rather than using an overhead rate which aggregates the 
indirect cost elements. This ' formulation thus permits the model para- 
meter values to be varied to correspond with the individual .character- 
istics of a particular lAC. 

Model Formulation . The first! step in choosing an appropriate gen- 
eral form of the model is the listing of the relevant costs involved in 
the overall operation pf an lAC. These cost categories, shown in Table 4, 
Include all costs thought to be significant by the pro^iSSt team. These 
costs fall into one of two categories: fixed costs* or variable cpsts. 
Fixed costs are those costs Incurred that are independent' of the level of . : 
output (at. least over some fairly broad range of output) while variable 
costs vary directly with the output (level of services provided) of the 
lAC. Examples of fixed costs are rent, utilities-, and subscriptions to 
journals and periodicals.. Examples of variable costs are project salaries 
and reproduction and duplication. It appears obvious that some general 
cost categories have both a fixed and a variable cost component. Thus, 
some salaries conveniently may be considered fixed, such as the salary of the 
lAC manager, while others are variable costs such as. the salary of persons 
working on responses to inquiries- . This presents no particular difficulty 
as long as the cost can be reasonably separated into the fixed and variable 
components- ^ 

Based on the objectives of the cost model and the costs involved in 
an lAC operation, a fixed cost plus variable cost model appears to be the 
^most appropriate general form for the model. Thus, at .a given level of 
output, the. total cost may be exp^^s^ed as 
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^ Table 4. Components of lAC 



FIXED COSTS 
RENT 

TELEPHONE 

FURNITURE AND EQUIPMENT 
QFFICE_SUPPLIES 
SUBSCRIPTIONS 
ADVERTISlilG AND MARKETING 
COPYING AND REPRODUCTION 
. POSTAGE ' . ^ 
TRAVEL 
" COMPUTER CHARGES 
SALARIES ■ 

VARIABLE COSTS 

SALARIES . 
COMPUTER CHARGES 
REPRODUCTION AND PRINTING 
SUPPLIES 



TC' = FC^ + VC^ 



where 

TC = Total Cost ($) 
FC - Total Fixed Costs (costs indep6ndent of output) 
VC » Total Variable CoSts (costs which vary with output) 
This foL assumes constant marginal costs" for different levels of 
service. This assumption seems reasonable for a wide range of service 
levels, but J,t would not 'necessarily' hold at very low (or perhaps very 

high) levels of services. ' 

^ ■ Since an lAC typically offers more than one service and 'since one of 
the objectives of the cost mo^el is to predict changes in total co'st as a 
function of \he output of the different services, the 'general form of the 
model can be expressed as 

/! TC = FO^ + FC2 + . . - + +/«^- "^1 + ^2 ^^2 • • • ""k 



TC= i;^rC..-f-..i^ VC.n. 



where 

FC = fixed cost attributable to service j, 

Vc' = average variable pei^Mit cost of service j, 

- number of- units of 'i»Mit of service j, and _ 

j • ■ ■ ■ - ■ ^ i ' 

k = number of services offered. , \^ 

This form of :he ...del assumes that all costs- can be uniquely^associated 
withapart— lar -'Vice. In general this is not true. Examples are ^ 
the salary of ... L^Z manager and the cost of maintaining a data base ^ 
used by more than one of thelAC services. These costs, which belong to 
the general class of Joint costs, are properly a part of the total cost 
of the lAC operation and as such should be reflected in the unit costs 
.(cost of one unit of lAC service, e.g.. one hour of bibliographic search) 
for the lAC services. For the most part- these costs, however, would be 
incurred even if a' Wrvice were- eliminated ,by the lAC. For the purpose of 



estimating total costs of the lAC, it is\ valid to collect all of these 
Joint costs (which are also fixed costs) into a singly unallocated 
fixed cost category. . In this manner, an arbitrary allocation scheme 
is avoided and the model is still able to predict changes In total cost 
result ing„ from changes in the levels of services provided or from the 
deletion. or addition of a service. In this case the model is expressed 



as 



, TC FC^ + FC^ + . . . . + FC^ + VCj^ n^ + . .+ VCj^tij^ 



or 

k 



TC = FC 



j=l J=l 



where ^ j \ 

FC = unallocated fixed cost 



u 



Cost Calculations ^ The above equation allows computation of the 
total costs^of operation of an lAC for given levels of each service,^ 
e.g., 1000 hours of bibliographic search. If a method is chosen for ' ^ 
allocating the dnallocated fixed costs, the above ^^^^^a^iion may also 
be used to calculate average unit cdsts and total costs for each partic 
ular service, and thus serve as a guide to pricing each service. 

As envisioned in the cost model presented above, the costs are 
"annual operating costs. The -net present value (NPV) of the stream of 
future operating costs, either for total costs or for ah individual ser 
vice cost, is calculated from the following: 

;N?V - ^1 + ^2 + + ^h 

(1+r) (1+r)^ (1+r)^ 

where - 

^ / - • 

' . ■ - .1 ^ 

Q = cost in year h for complete lAC. operation dr 

h • , 

* for any individual service 
h = time horizon 
r '« discount rate 



Notice, however, that the above NPV calculation is not limited to^| 
evaluating operating lAC's. If a new lAC is envisioned, the calculation 
would simply include one or nore-years of start-up cos« and then seve^^ 
(as miny as desired) years of operating costs. The resulting calculatidr^ . 
would yield the NPV of lAC costs for its lifetinie, for the first ten - 
years, or for some other specified period., 

Prpfiminarv Results. To demonstrate the nature and utility of. the , 
cost moderas outlined above. ^ value for each cost item has been assumed.. 
These values are then used t^ compute ,. the total cost of providing 2000 - 
hours of inquiry/response s.eryice over one year. This total ($73,551-in 
our example) is then used. to compute th^ sensitivity of the model- to • 
changes in values of the^various parameters. These sensiti^^ities. • cal. . 
culated according to the meth^odology outlined below, allow on^ to focus 
on the critical- cost parameters associated with lAC's and thus to con- 
centrate on obtaining valid data or good estimates of values for these 
critical parameters as^^inputs to- the -calculations. / 

-Carrying the .calculation one stef further .and deriving a net prjsent 
value W inquiry/response costs (for; this example) yields a value o^f 
•-$2Afr;935* for ten years. This compares to a net /^present value of bene- 
fits'of $257'.600 using the techniques described in'the beneSit sectiou. 

Table 5 shows the sensitivity of the model to each ^f the parameters 
of interest for inquiry/response service. For simplicity. 25% ^f the " ^ 
fixad costs have been allocated to inquire/response. SThen a 10% change 
in the cost, of each item. e.g.. rent, was assumed and the effect, on 
total cost of inquiry/response measured according to the following: . 



Sensitivity = 

where 



NPV 

c 



NPV^net' presentViiu^e'^oT^sts of : inquiry/response service 

ANPV = change in net present value of costs of inquiry/ 
response service ' \ 



Using^adjusted annual operating cost,., y 



Tabie 5^ 



Cosl^ Model Parameters - Inquiry Response 



' Parameter 

F^ixed Cos-ts ^ 
Rent . . . 

Telephone . ; 
Furniture, Equip. 
Office Supplies 
Subscriptions 

Advertising & Marketing " 
Copying & Reproduction 
Postage 
Travel 

Computer Time c 
Computer Terminal ^ 
Salaries 
^ Manager 7500 
Clerical AOOO 
Professional 6875 
Fringe Benefits 
Allocation Factor for , 
Fixed Costs 

Variable Costs (Per Hour 
of Professional Effort) 
Salaries 

Professional $13.67 

Clerical $1.24 
Computer Time & Supplies $5.00 

Number of Professional Hours 
* Expended Per Year on Pro- 
'Riding Inquiry Response 
\ Service' 

Discount Rate (%) 

Time Horizon XYr) 



■• . -.V 
Baseline 
Value 



Expected 
Range .of Values Sensitivity 



200^/ 


$ 1500 




$ 3000 


.03 


750: 


. 600: 


- 


1200: 


.01 


900 


600 




1800 


.01 


450 


300 




1200'' 


. .01 


1250 


■750 




25Q.0 


.02 


2500 


1250 


; 


• 6500 


.03 


600 


■- 300 




1200 


-01 


450 


'300 




900 


.01 


1750 


1500 




6000 


.02 


1500 


900 




4500 




450 


300 




'750 




18375 


12580 




25000 


.25 


2756 


1875 




3750 


.04 


.25 


.1 




.4 


.46 












$1A.91 


$10 




2G 


.41 



) 

$5.00' 



2000 



$4n- 8 
500 - 10,000 



6 
10 



■.3-- 12, ■ . 
5 - 20 



.14 



.54 



-0.3 
0.7 



Annual Operating Cost $73*551 • , - 

Annual -Revenues (@ $20 : 40,-000 /■ 

per -professional hour) - ■ ■ 

Adju-sted Annual Operating Cost $33,551 > 
-NPV- of Adjusted Annual Operating Cost = $246,935 



y-"= liaseline value of .a'^ particular parameter, of cost^ 



" 'model, e.g.," rent • . '~ - •■ _ ' ^ : 

AV = "change^ in value-" o;f;:tS' particular par 

This is a measure of how fast the total costs of a particular lAC 
service change when some.iridividual component of the costs varies. . 

Examination of the table shows] that the only^parameters to which 
the moder is very ^sensitive are labor " related parameters "(salary, fringe 
benefits, number of man hours expended) and fi^ced cost allocation para- 
meters (what percentage of fixed costs. are allocated to each service). 
This Impli'es that- the salary data collected 'for 'input to the model 
should be based on a cost accounting system that accurately allocates 
all personnel tiioe among .the different lAC activities. Also, the 
method chosen for allocating overhead among -the various; services^ should 
be' b. .ed on an "^gorithm most appropriate to the lAC under study. 

A similar table of sensiHivities could be constructed for each of 
the other services. For 'statej^' tfte^art reviews and bibliographic 
search services, the procedure wo;^d be essentiall/the same as- for in- 
. quiry response. For. handbooks the methodology. is alsQ similar except 
that most of the handbook production costs are incurred prior to pub- 
lication and handbook revenues (and benefits) occur in succeecfing years 
Thus the NPV approach is 'the onl;^ way in which handbook costs could be 
calculated, and reasonably ■ compared to benefits. 

Conclusions C . 

— ^ ■ ♦ ^ • . • ""'.■„ ' - 

• K T^-^Hiscussions preseked in this chapter lead to the following- , 

conclusions: . . " ' . ^ 

1. These models. p:f9vide a: means by which; lA.C managers and, 
decision maker^ can begin to ..quantitatively analyze the . 
benef its an^osts arising froi the operation of ' an lAC • . 

' :Or other information service center. '{f^t^sf ■ r 
• - - ' 2. The difficulty ofe obtaining reliable .4^^ the totai": 
' ^ ; benefits of an lAC (to users and to society) has led to 
. . the adoption of a benefit model which results in a i^wer 

■ bound of benefits, ^is. lower bo^pd^Wever^ can ^.e ■ ' 



si^ificaiit as shown by. the ex^ and is ^ 

5>f -the same magnitude as, but generally larger; rhan, the 
dpsts derived from the co^,t itipdel. 

Because, of : the av:ailability of good cost data, the cost ^ ^ 
model is much more comprehensive than the ^benef it' model - 
^nd represents a good approximation to the total coscp^^f. 
prbyiding a particular service or of an lAC as a whole. 
The results of both the benefit' and cost models are highly 
sensitive to the estimates of some parameters' and es^en- 
tially dLndependent q1 th6 estimates of other variables. \ ; 



lAC -POLipf AND DECISION MODEL ^ . ■ ' 

Introduction and Highlights -4r 

This chapter devel-ops" a mathematical economic model that is intended 
to offer a prescriptive tool for'lAG policy and decision making.- The chap- 
ter includes the development of a supply-demand model for two, services, hand- 
books and inquiry responses, that assies interactions between the two • 
services. The cl^apter includes discussions of -the prescriptive jesults of 
.applying the model, simplifying^assumptions which Improve it^^^^^^^^^ and _ 

current barriers td its practical application. 

Tl^ evolving concept that information is' not a public good but rather ^ 
a quasi-public goo^ or even a commodity, governed 'by t,he economic rules of " 
suppl/ and demand , requires the application of traditional economic concepts 
to information services. The model in this chapter applies, standard economic 
theory to account for' observations in the information services- market . parti- 
cularly observations about IAC*s. | ' 

The approach is a mathematical formulation of cost\, revenues, demand; 
and benefits of lAC operations, using handbooks and inquiryvj response as. , 
examples of Services. The LagrangiaA multiplier technique provides a means , 
for determining and comparing implicif optimal values of the -decision varia-- . 
.bles from the lAC manager's viewpoint and. from society 's viewpoint . 
Highlights include: ■ •. • " 

- A basic model which mathematically accounts for- a. number of diverse, 
and apparently contradictory facts ^d observations abou t "lAC ' s and 
shows these to be consistent with' rational eccmomic behavior;-; 

- Illustrations of the model's relevance. to iss^ies of lAC service levels 
mix,, pricing, and government support; , ^ 

- Illustration of how 'a societal optimum solution to the model nay . 

• differ from an lAC manager's optimal solution to the model; and • - 

- Discussion-of barriers to implementation. 



/Basic Model 



The following mathematical model addresses the issues of level, 
mix, pricing, and government ^uppprt of lAC servicies. We a^ssume the > 
lAC produces two goods, k handbook and inquiry response. The variables 



within the model are: t 



the number of copies c' the lAC handbook produced and sold* 

I the number of units cf inquiries serviced by the-IAC (a unit 

•* " . . * 

' i-s one man-hour of service). 

?„' the .price of a handboc>. . ' 

Pj the price of a unit, of inquiry response. 



the revenue earned from handbook sales. 



i 



the re'^enue earned from inquiry responses* 

C the total/ cost of handbook provision. . 
H i ■ • 

the total cost of inquiry response services, 

TR the total revenue earned by the lAC. 

TC the total costs incurred by the lAC. 

H the net revenue <or profit) of the lAC. 



the/ total social benefit derived from the lAC handbooks- 
the total social benefit derived from' the inquiry response service 
B the total social benefit from the lAC . ^ 

■ . ■ M 

The behavioral relations within the i:!odel are the demand for hand- 



-boqk, 

^X-^i.', • f ° • f , ^ ° • . « 

- n 1 - ; . 

and the demand for inquiry response 

. I = f-^CP P ) , — < 0 , > 0 (2)' 

^ ^*^I^^H^ ' 3Pj — • 3Pjj 

These demand equations reflect the possible substitution between hand- 
books and inquiries. The first equation indicates that' a lower price 
for inquiry response will decrease the demand for handbooks- The second 
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equation indicates that a lower pr.ice^for .handbooks will decrease the. 
idemand for. inquiry response. 

The revenue expressions are , . / - 



(3) 



5*. 

(4) 



(5) 



The cost relations may be written as , 

and , ', . ■ ' ■ . ■ V , - 

'A ■'^(■r T \ I,> n ' \ - (7)' 

. Gj. = .g (Ii2j^) 0 ■ . - 

Z and ^ "ar^ 0-1 variables. _ . ^ 

= i if I >, 0 ^/ . . • ■ ■ 

• =0 otherwise 

■ ■ 2u^='I -ii H.> 0^ • _ ' V";- . . \ . . . \_ ^ ■ 

= G. otherwise 

These 0-1 variables reflect the coimnon data base which a handbook and 
inquiry response share : Thus, the cost of providing "inquiry response 
".depends on whether a Wta base is already available (as would be the 
case if a handbook were produced). If so, a large fixed cost is 
avoided. Likewise", the cost of providing a handbook depends on whether 
inquiry response is provided. If so, the necessary data base exists, 
and cost is avoided. . ■ 

The total cost o'f the lAC is 

and the net revenue >is - _ - 

n = TR-TC. 
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Wc express the. benefits to society of an lAC's handbook as 

■• . ■ ' ■ ■ ' ' " . ■ ■■ " ■ " . ■■ ■ ■ ■ 

K = li^rsV > 0 — (— ^) < 0 "^10) 

These benefits represent the difference between the users inform' 
matlori -supply curve with and without a ^^ handbook. .^^ ^ \ . . • 

' The benefits of inquiry response are given by. the area under' 
social demand curve for that sefyice. Of course, the ^social donand; 
curve shifts higher or lower depending on, the existence of a. handbook. 

tHus '-^ ^ ■ - w ■ 



'b^ =^ SD(i,Z^)dI . (11) ■ 

J;.;./-^-:' - •■B^:(i)^ - ' "/ ;.' / . , . ..... , ... ■ -• ,'v ; " " 

We assume the private costs of (6) arid (7) also represent the social 
costs of - an lAC. That is, there are no external diseconomies, in r^n- 
ning an LAC. For example, the social demand equation may be 

SD(I.Z^).= -a^Z^ - a^i;. . (12) 

So that, ' ' \ _ 

- a I - a Z„I -^(a l^)/2 (13) 

Equations 1-10 and 11 or 13 comprise fche elements of the lAC . 
decision modeL. Note that two distinct points of view may. be adopted 
*in lAC decision making. \. One viewpoint is that of the lAC manager, ana 
the other is that of society.* While it is reasonable to postulate 
that society is interested in maximizing net benefits to its members, 
the motUdtion of the lAC manager is not quite so apparent. The manager 
does not'own the operation, nor does he report to anyone who does (as- 
suming we remain in the realm of public lAC's). Of the several possible 
alternatives, we choose constrained revenue (or sales) maximization as 
the motivation to ascribe to I AC managers. This criterion captures the 
desire of lAC management to expand the operation as much as financially 
feasible. ..Since lAC' s are' subsidize^d by the government^^^ the manager's 
sales expansion is limited by .the level of subsidy available. 
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The. approach in tfte following analysis isitq characterize the 
outcome of management ' s policies and compare these outcomes with ^ • , 
socially optimal outcomes. When differences exist, the reason for . 
the difference is explored and corrective policies discussed. The 
interdependent issues of interest, are the level, mix, pricing, and - • 

subsidy of the lAC services. . ^ , 

• ' • ■ J. 
lAC Management P-erspective. . The constraint faced by lAC management 



is that its losses musV not'exceed its subsidy, or 



"'■ ; - n = TC - 'tr - 

s .... 
where .S -is the amount of subsidy . Subject\o'. (14) . the expression 
. to .maximize is ■ . . 

TR = Rjj + Rj ■ . • . 

For convenience, inequality (14) may be changed, to 

TC - TR = S ■ ' 



(14) 



(5) 



(15)' 

:.r- 



since it is known a priori that any subsidy will be fully utiliz^to 
expand sales. The relevant Lagrangian. expression is 

L = + + A(S .- TC + TR) . 

or 

H + P 



P., 



I + X[S - g"(H,Z^) - g^I,Z^) + 



H + P, .\. I] 



H " "I - , 

Since',, for lAC nianagement, prices are control variables, ^we should .,; 

further substitute. to obtain 



g«(f«(P^,P^),2^> - g'(f'(Pi.PH)'V 



(16) 



First order conditions are 



3L_ - .Pg ill + f"(Pg,P^ + Pj 



H 



3P 



3P 



H 



i 3fH .3Ph 



.P^^..^P,,P,>.P,M^^ 



= 0 



3L = P„ 3f ^ + f T 3f ^ + (P-x ,P„) 

ip^ ^ ; 



+ X r-.lS^ 9f^ - ifi 

V t 3fH . 3Pj ;afl ^3P, 

+ P^ 3f^ + Pt 3f-^ + f-'^Cp -.P^) 1 



> 



(18) 



= 0 



= S - g^(f"(Pjj,Pj),Zj) -s8^(f^(Pj,Pjj),Z^) 

3X 



■ • -, X 



* 0 



> 



(19) 



y.' • ■ : ' Societal ^Perspective , - By way of cohtT'ast, the" sociar isbjective is 



- r • to maximize Niet Social Benefits, 
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NSB = B - TC 
• or 



NSB = + Bj - (Cjj + Cj) 



or 



NSB = B^XH) + B^(I) ^ g^(H,Z^) - 8^(1,^ 



or 



NSB = B!^(f^'(PH,?p.)-+ B^(f^E^,Pg)) - ■ 



(20) 



3NSB 
3P 

H 






3B^: 


r 














= 0 








3NS5 




3f^ + 


3B 




V 


- is_ 

= 0 









> 



•J 



(21) 



In general... the solution (P^,-?^) to; ,(17) , (18) and (.19) is 



different from the solution (P^*,-P^*) to (20); a.nd (21). . 
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Implications of Different Optimal Solutions^ If explicit- functions 
.were available for all basic equations, then (with a possibly, good, deal .of / 
-effort) explicit solutions could be found to tlie two systems. This would 
certainly facilitate comparisons between management's dfesired-^utcome ^ 
and the socially desired outcome. If substantial differences 'exist, a 
government tax-subsidy policy could be . used to establish agis;eement. Taxes 
or subsidies on, the individual goods offered for sale by the lAC could : - 
produce the proper ratio of one good to anqjther, and a Ixjmp sum tax or - 
subsidy could* effectr'the overall proper level of production. 

. .The foregoing xemarks. implicitly assumed positive levels of ^ outpu^^ . ^. . 
for botK handbooks and , inquiry^ response. Of course, thig heed not be the - * 
case, /indeed, the possibility of one or -the other set at zefb^ output is ' ' 
permitted by the 0-1 Z variables?^ In order to '^iroperly cons id ex the deter- 
' mination of whether a particular good is offered by an lAC, equations '(17), (1S)\ 
and (1^ must 'be solved under three c'onditions.. ^ 

II: = 0, Z^ - i ^ ' 

* III: Zh"^>* h =^ ' ..>^^ ' ^ ^ ' ' - 

Likewise, equations (20) and (21), must be .solved under the same three 

conditions. 

ftactical conclusions from the above discussion include: 

1. Pricing, mix, level, and government support of lAC services 

should be simultaneously determined.- 
2* This determination requires a great deal . of unavailable Iniorr- 

mation — namely the forms and parameter values fpr the model's 

basic equations. 

3. Given /the adequacy of the model as a descriptive tool, govern- 
ment tax-subsidy policies are sufficient to induce optimal ; ' 
resource allocation within ^tf lAC. 
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■ ^naivtl^ Extension with si:Bpl- -fvi^^ Assumptions. The analysis can 
be carried a step, further" if one is willing tio make some simpl^ifylng 
assumptions about the form, of the equations underlying (17) - (21)V In 

articular, assume most equations . are linear, the demand for handbooks is 
negligibly dependent on the price of inquiry response, and both handbook. 
and inquiry response axe provided. The modified equations now become 

. : . . (1) 

H = bo - bi?^ ■ • 



' - ' (7)' 

3Su . . n' aO) 



Cg = Co + cJE - 
Cj. = + C3I ■ ^ 
b„ = bVh) , !!h > 0 . _^(!!h) < 0 

H ■ ■■ 3H aH BH 

Equations (10) and ■(11) are .still-expressed implicitly bat they capture 
■ the presumed existenc^' of diminishing marginal benefits from both H and- 
•-^I.- Note that (2).': has not sacrificed the cross elasticity between I 

.andH-., /the modified conditions^ecessary for sales maximizing prices 

arje ■ X 

= + H .+ ?,b, + X(+ c,bi - C3b^- Pgbi ,+ H + P^b,)- = 0 (17)' 



- F^b3 -+ -I + X(+ C3b3 - P^b3 + I) - 0-. - , 

s'r (co + ciH);- (c^ + C3I) , .: ^ • .i, ^:-:^- -'- v\ei9)''- 

; CI) ' and (2)'\ can be substituted -into •■(19)' , which, can -then be solved 
for P' AS a function of P^:_- ^ - • ' 



<17)' and (18)' can eabh b€ ^solved for X, equated, apd splved for F^: 

' .PB -hi(F/ ' ' . ' ■ ' . ■ ' ■ . • 

The RHS's of (23) and (24); can be equated to produce a solution, • 

P^; 'i.e, • . . * . 

. h^(Pl> = h2(Pj) .' ; ' - . . , (25) 

Finally, using (23), c 

P and P are the prices which are optimal froa the lAC's management's 

I- H • • J 

point of view.., Turning now to the social perspective the first order 

cixnditions .are' ■- _^ ... 

- 3B?^ bi +'_3B^''bi4 + cibi..- csb^ « 0 . ' ' (21)' 
- 3H . " 31 ' 

- 3B? b3 + C3 b3 = 0 ^ ' ' \ (22)'. 

■ . ■. ■ ^ ,c ■ 

With (10). and (11) explicKi^tly stated in terms of H and I, and substitu 
ing from (1)' .and (2) ' socially optimal prices (P^*..?!*) could 'be 
determined. . -, . 

Only by chance would (Pjj*,P^*) ' ■(.V^y?j) y so that in general lAC 
management's beh^ior would need to^be modified. This could "be accom- 
plished by 3 tax/subsidy scheme in whicfh the revenues received by the 
lAC are appropriatelymodified by ' taxes/subsidies on the goods sold to 
induce managetneht to .produc at the (P^*,Pj,*) level. 

Discussion and "Conclusion . ^ - 

The above approachSts^med it is feasible to determine the un- 
constrained sociJ^ly optimal fevel of lAC outputs "and then sto achieve 
that level, via appropriate flhancial- -incentiives (taxes .ajid subsidies) 

>to .IAC management. A somewhat mpje Tealistic point of view would be. 
to assume a maximum amount of subsidy ' is . available to an lAC, where 
that maximum is less than would be necessary to achieve the overaill; 

; 36c lal optimal. . This is a V'second best" problem, since the; first best 



is now ruled, out as unfeasible/ The problem is to maximize (20) , cony- 
strained by (15) . The solution may be characterized by a- set of first J 
order conditions (as above) , and a tax/subsidy scheme constructed to; 
induce management to.attempt to achieve those "second best" levels.;: 

There are two hurdles which' must be overcome in order, to .implement ' 
•amodel of the type -discussed here. The first hurdle is the specif ica- 

tion of the f(inctional forms and parameters. " That. is, the demand", cost,. 

and benefit functions -must 'be known. ^'xh; second-hurdle is a reasonably - 

efficient method for solving the characterizing^-equations to f ind . 

optimal- 'prices and/or levels of outputs. Of these hurdles, the "first is 

by far the more difficult, Xdenianding: a great deal of Empirical research. 

The second hurd;Le: can be overcome by>umerical approximation- techniques _ 

implemented on a computer .j^ ^ . ■ . 



US?R VALUES OF INFORMATION SERVICE CHARACTERISTICS 



Introduction and Highlights 

This chapter is intended to be a stimmary and synthesis of relevant' 
literature and data" on how lAC users perceive' the characteristics of . o 
lAC services and how they value these characteristics. Primary inputs 
to this chapter include the Defense Logistics Agency (DLA) study on lAC 
'.user needs, the Defense Documentation Center teh year requirements and 
planning study^, a study by Forecasting International, Ltd. , on a for^ 
cast of technology for the scientific and technical information, 
commiinities , and an unpublished report by Tom Allen 

Chapter highlights include: " „ 

-^-,IAC user characteristics, particularly how users perceive the .. 
.value of different characteristics of information- and service 
channels, require additional study as a necessary step toward -• 
improved data for economic analyses; 
' - lAC users typically are engaged in. technical work (as opposed . 
. . to management of a technical area) and utilize facts, data, ' 

and constants; - v 

- The usage and awareness of lAC's both are low ^mpar^ to the 
■ size of the potential- user audience; and 
' - Characteristics of information and channels cj^f technical infor- 

• mation judged. to be important to. the potential and actual lAC 
users- include: cost, accuracy,- currency, response time, ease 
of access, ease of use, technical quality, coverage of ."topic, 
understandability,. format, media, recall, and relevance. , 

• Research is needed to further define the relationships /among, 
thege charaeteristics and- to deduce, the .relative va^lue of. each 
characteristic to the lAC users. 



User Characteristics of DLA 

T»c specific user ^eed studies have beer. per£6o>ed on the group 
of lAC's sponsored by the Department of Defense and.adminlstered *y .. 
the Defense logistics Agency '(DLA) .. The findings of these two studies^ 
can 'be sui^arized end applied. to the question of how users perceive the ^ 

value of lAC services. •. . . • " ' 

According to the first' . . . directly applicable study, the ■ . 

Defense Logistics Agency effc . , Che prlt.ary msslon of the DLA-ad.nin.S- 
ter-ed lAC's is "to collect, review, and select from, the world' s litera- 
ture scientific and technical information of interest z6 the Defense f,' 
community (DoD-and DoD oontractors> and to evaluate, synthesize, and 

<:^-r^arc Tno<;t useful to Defense scientists, 
disseminate chls • inf. ormatioa xn formats most useiux .. . 

engineers and tecl<nicians . " • . ; ;' ' 

:From the information' in this,.tudy, the users of MCIC. MDC. and 
other- DbD lAC's can be described as scientists, engineers and tech- 
nicians employed by either DoD activities or DoD c6ntrabtors who are 
worKing within the lAC's areas of technology. These personnel manage - 
technical wor,.. and perform technical tasks and a variety of misceUan- • 
ecus duties. The respondents .to the .survey carried out these activities 
in the following ratios: 31%. of tasks consist of managing technical . 
^k; approximately 53% in performing' tasks (des.ign and development. - 
engineering 13.2%. tes^ and evaluation 15.7%. and research an^ experi- 
mentation 24%). . .The &>inder..is^diVided among mis^llaneous tasks. . 
' The^ondfnU generally neid more facts, daBa.. findings, or 
co„asJHr-other types of itooVmation.. in othW .words; responden.ts 
' preferlKSd' the type of Info'.i.at ion . ryRically .contained in data _ . 
books J^o^s above that contained in ot,W types o^C produc^ 
-a-hd-servictsV-RespondenYs also exiressed probl^s in loc^. obtainV 
i.g -^d using scientific, and technical information and spend.a st_gnifi- 
'^/'amount of t*e^, time, in the.e activities. Respondents obtain the 
'J^eatest amounts of ' scien,sLf i.c and technical information from "tlf ir 
'tocal ..ciStc-1 own collections and from colleagues 

. . ■ .■ .eJ=f inding of the survey wa4 tt^t only 31% ..of . alL DoD scientists , 
• .a^d engineer, are aware.^f '.-he existent, of lAC-s. Thi*. finding explains 
to a great degree the observation that lAC's ire underutjLlized. ■ : 



These findings are supported by those of the second report, the 
Defense Documentation Center (DDC) 10 year requirements and planning 
study. The user survey 'conduc ted as part of this. "study was more 
general than the DLA study, covering users and nonusers of all DDC 
services, not just lAC's. Many detailed cross-linked statistical 
tables which would have been useful in describing lAC users are not ^ 
Included in the report. However, several of the report's observatioms 
do deal directly with lAC's. Table 6 shows tfxe percentages of DDC [ \ 
users who have used various lAC's. These percentages show the use of 
lAC's by support personnel to be lo^ overall, the average being 14.4%. 
Even so, the percentagep/f or . support personnel are much' larger than the 
percentages for benchyand management lAC users. 

From these two/^eport^ we can draw a general picture of the. user 
community for the^LA-adminlstered lAC's and of their information seek^,- 
ing behavior V and can relate it Un a general fashion to those character- 
istics of an information delivery system that a user values. ^ 

Perceived Value of lAC Delivery Channel Characteristics \ 

vEconoiriic analyses of services related to information often sl5.de 

into a morass of issues related to the value of "data" or "information" 

rather than the value of the service which furnishes the data or provides 

access to the data or information. The j^DC study put it this way: 

No value measures of information* have been . 
developed which would be useftil in making 
economic decisions'. Information has subjective 
and -pragmatic value to its lasers, but this value 
has been difficult, if not impossible, to * 
measure^to date-.... * 

Chapter 3 'discusses the^- importance ' of making the distinction between- 

the value of the service and the^ value of the i^ormation. Only in the 

case. that an. lAC provides totally unique information could the value of 

the lAC be measured by the value/of the information. Consequently, it 

is ri^^ssary. f rom both a practical and. conceptual viewpoint that the ; 

value of ^ an lAG^ be studied with an approach tliat examines the value of 

lAC^service. This is consistent with a marketing approaclx, adopting 



" • nDP •H<;ers Who Hav^, Used. Various 

Table 6 .- Percentages of i^sers 

Infortaation Analysis Centers 



•myORMATION ANALYSIS CEOTER 



SUPPOKT BENCH MAKAGEhSNT 



Infrared luf ortaation and Analysis Center 
Mecals and Ceramics Information Center 
Shock and Vibration Information Center 
Cheiaical Propulsion Inf onoation Agency 
Reliability Analysis Center 
Nondestructive Testing Data Support Cc^nter 
TherTDophysKT^l and Electronic Properties 
Informa-tion Analysis Center 
^Plastics Technical^ Evaluation Center 
DoD Nuclear Infonnation and Analysis Center 
Mechanical Properties Data Center ^ 
• Ellctronic. Properties Inf onsation Center 
Tactical Technology Center^ 
Machinability Data Center 
Radiation Shielding Inforiaatlon Center 
Physical Data Group, Lawrence Livenaore 

Laboratory - ^ , a ' 

USAr Environia^ntal Technical Applications 

Center ^ 
Envirqnnental Information Division 

- CAir Force) 
Strategic Technology Office Data Base 
Soil Mechanics Information^ Analysis Center 
Coastal Engineering Information Analysis 

Center . 
Cpncrete Technology Information Centex 
Hydraulic Engineering Information Analysis 

Center . ^ ^ 

Pavements and Soil Traf ficability Infpr-- 

mation Analysis Center 
Chemical Kinetics Information Center 
Data Collection and Processing Group, 

Scripps Institution pfr Oceanography 
X-Ray Attenuation Coefficient Information 

Center 

* Institute of Polar Studies 
-^Bathythermograph. Data Processing and 
Analysis Facility 



42. OZ 
39. 7Z 
37. 5Z 
36. 4Z 
31. 8Z 
•27. 3Z 

26. iZ 
25. OZ 
19 .BZ 
18. 2Z 
17. OZ 
13. 6Z 
10.2Z/ 
9.1Z 

7.9Z 

6.8Z 

6.8Z 
5.7Z 

5-7Z 

3.4Z 
3.4Z 

2.3Z 

2.3Z 
. 2.3Z 

2.3Z 

I.IZ 
.I.IZ 

o.oz 



7.9Z 
3.4X 
2.3Z 
1.7Z 

.6Z 

.6Z 

3.41 
.6Z 
5.1Z 
3.42 

o.oz 

O.OZ 
.6Z 
O.OZ 

2.3Z- 

o.oz 

I.IZ 

o.oz 

.6Z 

O.oz 
o.oz 

.6Z 

O.OZ 
J.IZ 

.6Z 

.6Z 
.6Z 

O.OZ 
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Source: Auerbach Associates, Inc., DDCIO Year Requirements 
. Planning Study, Volun:e -II: Technical Discussion^, 
Bib3ior,raphv, and Glossary ,. Junc^ 13, 1976, 2/^.. - 



7.9Z 
6.8Z 
3.2Z 
6.8Z. 
5.0Z 
.A-3Z 

3^6t 
3.2Z ■ 
4.6Z 
4.3Z 
3.9Z 
. 2.9Z' 
2.5Z 
.7Z 

l.St 

.AZ 

2J9Z 
I.IZ 
1.4Z 

0.02 
1.42 

.32 

I.IZ 
1.4Z 

2.5Z 

O.OZ 
2.5Z 

.42- 



and 
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the viewpoint that the lAC is an information delivery! system, utilizing 
handbooks, responses to inquiries, etc. , as channel i^f or delivering 
the information. - 

The following paragraphs. summarize literature relevant to this 
approach. Forecasting Int^rfiational (FX) conducted a study whose re- 
sults are pertinent"^; the -DS^ and DDC stiudies are direcifly related; and 
Tom Allen's work^*^ provides ^e^l general informatiot/. 

- FI* conducted a survey of meabers^of five scientific and technical . 
Information (STI) commiinities to determine their ideas' of the relative' 
importance of seven informatiqn (delivery) system characteristics. The 
five communities were the health community, industry, the library com- 
munity, the academic community and the financial community. T^he systems 
_ characteristics studied were: 

accuracy . convenience 

browsability . cost ^ 

security timeliness (currency 

availability of hard copy of information) ^ 

Table 7 summarizes the results of the survey for each community and the 
entire group. 

The DLA and DDC studies contributed very little specific data con- 
"ceming delivery system characteristics valued by the user. The DLA 
study did provide some inlbrmation on the types of delivery systems 
valued and types of information needed by lAC users. The survey found 
that lAC users felt that, the most important products ^hat can be produced 
or offered by lAC's are handbooks and databooks. The study also concluded 
that DoD scientists and engineers have a great need for summary-type ^ 
information. More specific findings indicated t4&t DLA-administered lAC's 
are underutilized 'because thdir potentiajg^sers in the DoD laboratories 
and contractor organizations are unaware of their existence. In evalu- 
ating current lAC services, u'^ers noted their greatest dissatisfaction 
was with the timeliness '(respi^se time) of the lAC inquiry service. 
This would indicate that response time is one characteristic to which 
users attach importance. ' . 

The DLA report presented an interesting sidelight which could be of 
Interest in future work in determining benefit measures. One of the 



Vable 7.' Relative Impofrtance of Information Delivery Systen, 
Characteristics to Five STI Coiniminities 
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Characcertsclcs 
(RAnV-ordcred 
by Croup 
Aggregate) 



Accuracy 

Browsabilicy 

Security 

Avallabljtlty 
Hard Copy' 

Convenience 
Cost 

Timeliness 



Entire 
Croup 



34 
24 
22 

20 
18 
18 
16 



Measure of Importance to: 



E&alth 
QQomunlty 



8 
4 
8 

4 
4 
2 
2 



Industry 



2 
4 

2 
2 
2 
8 



Library 
Communicy 



2 
8 
.4 

;8 

2 
4 
2 



Acadeolc 
Coinmunlty 



8 
2 
2 

2 
8 
8 
2 



Financ lal 
Comauxilty 



8 

- 8 
4 

2 
2 
2 



8 (High) 
A (Hediua) 



2 (Low) 

1 (Negligible) 
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pX±mary goals of the lAC's is to free defense scientists, engineers 

technicians from the time-consuming and nonproductive: task of 
locating, \,analyzlng and extracting infojrmation in their work; This a^-^ 
go^i indicates tha^t time "and dollars saved are appropriate measures 
of benefit.* Time costs Crould be measured by asking, respondents to 
list the information whiclti they spend the greatest amount , of time 
locating, analyzing, condensing, extracting and applying to their work. 
Do'llars could be measured by asking the reispondent to estimate the total 
savings to himself, if, information were readily available in an ea^yyto- ^ 
use format. * . 

The DLA report ^mplies the' following characteristics as being im- 
portant to the user: * It 

Cost . \_/ 

' Timeliness (response time J - 

Availability . 
Format 
* Relevance 

The DDC study just touched on user values of information delivery 
system characteristics. The user survey found that users would- not pay 
unless the quality of service was substantially improved and targeted 

v 

toward their precise needs; The. survey also found that increases beyond 
the current level of response time would be unacceptable. From survey 
results, the researchers implied the need for improved access to lAC 
services by bench level personnel. Major problem areas were found in 
information quantity received, quality, response time, and currency. 
Minor problems appeared to be in format and media. The following char- 
acteristics are distilled from the DDC report: 

Cost 

Relevance 

* Quality of service • 
Response time \ 
Accessibility . ' r> 

Quantity of information received 
^Quality of information received 
Currency of information received 

Format " " 

Media • 

An interesting no'te on cost: the DDC researchers found that user^ 

are." unaware of cost of information. They stated that: "In many cases. 
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the overvheloing majority of user organizations attach no contingencies 

■ to -the. amouik;'of money . ^^^^ ' . 

fin^g tends'to discounti:,fca«t ^sVVal^^^^ . . . } 

the user or, at^leaslS', calls- fbr:- careful scrutiny of ■ all cost-related 

conclusions. , 

Tom Allen, at, MIT, has done extensive work in measuring infer- . ^ 

n^ation needs among engineers and scientists! His work -highlights thrW^ 
characteristics of information channels of importance to the user: . ■ ■ 

Accessibility . ' ■ 

': Ease of use' - . * • • 

Technical quality, or reliability' 

■ Allefi-found that accessibility of the information channel -almost 

exclusively detenjanes frequenc^-of use-and' that perceived technical: 

quality influences the decision to. only, a minor extent. An engineer 

will choose the channel which minimizes his loss in ^terms of the physical 

' or psychological effort which must be expended ^tp gain access to the^ 

- ■ 6 Cte - - 

channel. 

Victor Rosenberg's findings support Allenis (although Rosenberg ^. 
includes ease of use as part of accessibility). Rpsenberg notes that: 
••Relative priority of the most frequently used channels has been estab- 
lished by almost all 'studies, and in almost eveifxcase the analysis ' 
has shown that one of the most significant factor^in determining the ' 
priority is the availability of the lource." 

From his findings. Rosenberg draws the conclusion, important to 
the lAC^s, that users '. prefer ence rankings are more closely related to 
their evaluations of information source accessibility then to estimation 
o^f the amount of information expected. The information gather ing . behavior ; 
•of users. is governed by the facilities available and changes to reflect. 

• a change in the availability of facilities.. 

■ The research highlighted in the preceding discussion and subsequent 
deliberations .permitted the synthesis of a list of those characteristics 
appropriate .for, analysis of lAC delivery, system channels. Thesg. syn- 

• thesized charact-eristiCs are: 



6A 



ERIC . . V 



Cost 

Accuracy 

Currency \ , 

, Response time, >^ 

Ease of access * 
;.Ease of use 

Technical quality, 
' Cpverage-of topic 
' "'federstandability 
' Format . ^ 

Media ^ ' 

Recall " * -c 

Relevance , 
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The definitions of these characteristics are shown in Table 8. 
Table 9 presents a survey of the characteristics )cited by ^.ach background 
document discussed above and the resulting ^synthesis. , . - > 

ks0a. - test ^of the ■ api)ro*priateness of ^he^ -syn'thesii^a characteristics 
and as a transition step- in relating^ser: va£ues to the lAC/user system, 
the study team relate* charactei^lstics o^ importance to users to the 
.various lAC" delivery channels. The result is shown inJablelO. Cost, 
ease of access, and media type were judged important in every case 
versely, recall and relevance are agpfopriate measures, only in those 
channels requiring complete .;search of a master file, query response, 
abstracting and indexing,- and literature search. . • , ' 
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Table 8. 



Definitions^ of " Synthesized Characteristics 
of Importance to lAC User. 



Cose . • 

Accuracy 

Currency 
Response time 

Ease of Access 
.Ease of Use 
Technical quality 

Coverage of topic 
. Understandability 
Format 

Media 

Recall 

Relevance 



♦ Bollar^cost of using the delivery ctonn^. 

Whe ther dat^ is inpift and optiiXJt' v^tbout . 
error .^^ ^ ^ •. - . ' _ 

The up-to-dateness of Infomatloa delivered 

^ Elapsed tlae betweea a person's request for 
information and the arrival of the ^ 
requested inf cynnatioii 

Availability of acceS^s vhen and where required 

Ease of operating system/channel - . 

Subjective evaluation by user of expected 
performance of delivery channel • . ; 

Comprehensiveness . of information- delivered 

Ease of comprehending inforuiation .delivered 

Physical arrangement in which infonnation 
delivered 

- Way in which the ^ information appears (c.g.i 
hkrdcopy/CRT display/microfiche) 

Percentage of appropriate information ih a 
file that is retrieved by system , 

Percentage of .information retrieved that is 
^appropriate to user needs. 
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■Table 9. Survey of Delivery Systenr/Channel Characteristics df Importance to User 




n/STI Study . pa Study 



Cost * 

Conveniencip 

Accuracy 

Timeliness 
(Currency of 
. Infonaationr 

Security ' 

.Hard -Copy 

: Avaiiabiilty 

Browsabiiity 



Cost 

Availability 
"Relevances 
Timeliness 
(Response 
- Time) 
Format ,. 



. DDC Study 
Cost - 

Accessibility 
Relevance 
Response Time 
Format, ; 
Quality of Servic.e 
Quality ot. , • 
Information 

Quantjtty of 

Information 
Currency of 
, Information 
Media 



. Allen - 

•Accessibility 
Ease of Use . 
Technicdl Quality 
or friability 



Synthesis 
Cost 

Accuracy. 

Currency,. 
Response. Time 

Ease-of Accefi^ 
'Ease of Use 
Technical QuaMty^ 
Coverage of Topic 
Understandabillty 
Format 
Media 

Recall V . 
Relevance • i 



< 0 
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•Table 10 Delivery Channel Characteristics^ of Importance to User 
Related to lAC. Delivery Channels . 



CHARACTERISTICS OF tj»IPbftTANCE ijpQ USER 



lAC SERVICES /PRODUCTS 



Handbook - ' 

- Query^^cisponsc 

Statc-of-the-Arc 
Reports 

.Blbllographiee 

Abstracting arid 
Indexing 

Reproduction 

Seminars 

^Loan .Service' 

Referral© 

On-site Use of 
Collection 

.Consulting 

Literature Search 
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This investigatiOTi of u$er values suggests three conclusions: 

1. • Therfi is a need for detailed studies of lAC users,. • . ' 

th^ir ch^ractieristics, atnd their perceptic^ns of the ^ 
channels by which IAC*s:deliver information. The 
DLA and DDC studies indicate that such information can 
be obtained through* surveys of users, particularly groups 
of .-lAC's *which deal with specific disciplines' x^r manage- 
able multidisciplinary areas. 

2. Users of DLA-administered DoD lAC'-^ primarily are 
scientists, engineers, and technicians employed either 
by Do D. activities or by DoD contractors .working within ^ 
the lAC'-S areas of technology. They manage technical 
work^ perform technical tasks, and are responsible for a 
variety^^|i^^^scellaneous duties. Generally, the users, . 
nee^^aclts, data, findin|s-, of const^ats rather than . 
other types of infprm^ution. Users have, problems locating, 
obtaining, and using scientific an< technical-^ information. 
They obtain the' greatest amounts of scientific and tech- 
nical • information from^their local technical libraries, 

^ from their own collections and fifom colleagues. Both 
usage- and awareness of the JAC's are low within the pos- 
sible *user unive^e. ' Support . pjersonnel use the lAC's • 
much more than bench and management personnel. However, 
(Bven among support .personnel, usage is low. ^Less^ than a 
^ third of all DoH scientists and engineelrs are awate of the 
existence of IAC*s. •> , ' • ^ ' W ^ 

3. lAC users' consider the following channel characteristics 
important: cost , accuracy , currency, response time,"«ase 
of access, ease of use, technical quality, coverage of topi 
under stSfendabil^ty, format, media, recall, ^d "'relevance. 
Current information is inadequate to determiiie the relation 
ships among these charfcteristics or to determine the i-ela- 
tive values users assign to these characteristics. 
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IMPACTS OF TECHNOLOGIES 
ON lAC'S AND lAC USERS 



Introduction and Highlights ., 

The purpose of this chapter is to examine potential impacts. ' 
of -technology and technological innovation on lAC's and lAC users. 
The ehapter, based on .^effort that is described in detail in four 
Project working papers''-'.^ '^'"^ , provides' a background for Chapter 9, 
which examines the impacts of two particular innovatiohs on lAG ' 
costs and' benefits. -The time period examined extends to_ 2000 in - ' . 

three periods: 1975-1980,." 1981-1985, and 1986-20*90. . 

; The next section summarizes impacts on the lAC itself, evaluating 
the effects of selected technological trends and events on lAC inputs, 
lAC outputs, arid internal activities. The third section examines the ', 
impacts of techfiologicll trends and events on lAC product and service 
characteristics.. The chapter concludes with a brief summary and con- 

elusions. 

Chapter highlights includet 

- The time period 1980-1985 is judged to be the time of .greatest ' 
technological impact" on lAC's and their operations. 

-.The development of a portable, acceptable microfiche deader 
^ could have a subs^tantial impact on the handbook service. 

- Electronic communications technology is a general area that -is 
judged.to-have substantial impacts on lAC operations, especially 
on the inquiry response service. 

- Technoiogical trends and events appear .to have significantly 
less- impact on the' distinguishing functions of an lAC (evaluation 
and Research) and on lAC management than on other information • 
center functions , 

Impacts on lAC Functions 

Figure .1 .(Chapter 2) illustrates the f unctiotis..^and activities 
of.IAC's, and this diagram may be a useful reference for the discussions 
which follow. Technological trends and. events which can affect lAC 
functionsiare examined in three segments : events and trends which can 
-affect I AC input's", event'^. and trends which'.can affect^ internal activities 
. of the J.AC, and events and trends which can affect the outputs of the lAC 



Table 11 shows those trends and those events in each time' period 
that significantly impact the input activities of the TAG. Overall, 
the technological trends and events examined .primarily affect the 
entry of docioments and informafion into the lAC system. Hbwever, among- 
■the high .impact trends and events, impacts tend to cluster by input 
•type within time frames. The strongest cluster of .impacting events 
'lails~in the 198.0-85 time period.: The greatest^ single impact will, be 
caused -by the advent of automatic OCR multifoAt readers in conniion use. 
Information no longer being created predominantly in document form (i.e., 
hard copy, microfiche, etc) will have the second greatest effect, l^ote 
also that documents are the type of inputs likely to be affected most .by 
this set of technological trends and events. ^ 
•Table,.,12 presents the technological trends and events which have 
the greatest potential impact on the internal activities of th^ lAC. . - " 
These trends and events primarily affect the activities of indexing, 
storage, and conmfunications wiih other data bases.. Here, as in' the case 
of input activities, the time period of greatest iinp^ct activity will be 
1980-85. The' event of greatest single impact, the use. of the laser for 
facsimile transmission at a speed of 5 million pages per second in con- 
junction with image input arid storage, falls in this time frame along with 
.second ranked image storage. The advent of a computer-linked network 
of lAC's and the use of natural English language file ihquiry-updating . 
are "also seen as being significant during this time frame. The time 
period 1975-80 contains one^ery' significant event., the advent of cheap, • 
automatic indexing of' natural language -text, I985-9P contains two,' the 
use of one integrat^.d master" thesaurus for all S&T data- bases and -the 
adoption of associative or. content-addressing based upon the availability 
• of cheap, large" memories. A.-nong the^ trends the decrease in cost of a 
typical on-line search in a large domestic S&T data base (using, an inter- 
active terminal and standard telephone lines) is ^ "'^f^ ^.f ^ 
'greatest potential 'for impact^ on' internal activities^f;^ lAC's, 
, As evidenced by the column sums, certain of the .internal lAC activi- 

ties appear to be affected significantly more than others by the set of 
technological trends and events. I-n particular, the evaluation function, 
research, to fill, gaps, the accessing decision, and the final screening 
- (befor4 repackaging and dissemination) were functions judged to be less 
affected by the technology than otfier functions- Note that these are . 



Table 11. ■ Technological Trends and Event s/Af fee ting lAC Infputs' 
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the management function (accessing decision) , functions unique to an 
lAC (evaluation and ^ research) , and the final judgment of data relevancy. 
In short, these functions judged least likely to be affected by tech- 
.nological ch^ge, are judged to require human judgment that cannot easily 

be replaced by technology. . . 

The technological trends and events vith the greateist effects on 
the output activities of the lAC's are shown in Table 13. Again- 1980-1985. 
appears to be the period of greatest activity with two of the technologi- 
cal events with the strongest potential for impact falling in this time- 
span. The greatest potential for impact is attached to the attainment 
of a level of 50% of all scientific and technical personnel having their 
own personal automated data. base. . The effects of this event will be felt 
through the competition that these personal automated data bases will 
offer lAC services, particularly handbooks. The use of the. laser for 
facsimile transmission at 5 million pa^ges per second in conjunction with . 
image input and. storage, the event which was judged so signif icant to lAC : 
internal activities, is also seen as being of great potential impact to • 
outpyt activities. In the time frame 1985-1990 only one event was assess- 
ed -as being very significant to output activities. However, that event, 
cable%^ or similar permitting' home/office storage of text- images at com- 
petitive costs to hard copy versions was judged to have very -significant - 
potential for impact on output functions. The" trends and events affecting 
output functions appear to affect' handbook production more than the inquiry 
response service. ^ . * . ' V - ■ 

Table 14 summarizeV. the trends and events of greatest potential 
impact, classified by time period and by functional area (lAC inputs, ■ . , 
outputs, ^and internat'activiti^s). Technology appears to impact lAC 
internal activities more than^either input or output functions,, and 1980- 
1935 appears to be the period ^of greatest technologi^cal impact, 

' ' " " i ^ ^ 
Impacts on lAC Product and' Service Characteristics . 'r~ ^ 

Two information delivery channels, handbooks and inqufry response, 

were assumed in order to -estimate the impacts of trends and events on 

the serv/ce characteristics judged , to be important ..to the TAG user. (These 

service .characteristics are discussed in Chapter 6.), Tables 15 and 16 

" present the results of an assessment of the< impacts on the handbook 

■■' ^ i 



Table 13- -Technological Trends aijd Events Affecting lAC Outputs 



TRENDS 

Percent of S&T Information Generators /Users 
with Access to a Remote Interactive 
Terminal Increases 

Cumulative Number of ' Facsimile. Transceivers 
Installed Increases 

Bandwidth Commonly Employed for S&T Access to 
Remote Time-Shared Computer Systems Increases 

High Speed Printer Print Speed Increases 

1975-8.0 EVENTS 

Portable/acceptable? microfiche reader 

Ratio of non-print: print published materials 

is 2:1 . • ~ 

1980-85 EVENTS 

Image Storage 

50% of all S&T personnel have personal automated 
data base ^ , ' 

Laser used for facsimile transmission-5 million 
pages per second (In conjunction with image 
input: and^ storage) 

' " — . ' 1985-90 -EVENTS 

Cable TV or similar permits home/office storage 
of text images at competitive costs to hard 
copy versions . _ 
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Table 14. Su^ry: Technological Trends and Events of Greatest Potential Impact on lAC Inputs, 

Internal Activities, and Outputs Y 



TIME PERIOD INPUT ACTlVmES 



TRZHD 



1975-1980 
1980-1985 
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home/office storage of 
tbxt Imagea at competitive 
coats to hard copy versions 
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Table 15. Relative Impacts of Technological Trends and Events 

on Handbook Service Characteristics 
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Table 16. Relative Impacts of Technological Trends and Events 
on Inquiry Response Service Characteristics 
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and inquiry response services. 

Table 17 summarizes the most significant events and trends by 
service and by time period. ^ Note that none of the trends and few-^of- 
"the events appear to have much potential for affecting the charact,eris- 
tic5 of the handbook service. Because .ther^ may have been inadvertent 
screening of significant events and trends, the original cross-relevance 
matrices\were utilized again, this time with.more user emphasl?.s rather • ^ 
than a technology emphasis. The results of this second assessment are " 
shown in Tables 18 and 19; these results are summarized by service delivery 
^mode (handbook or -inquiry response) and time period in Table 20. - 

The two analyses were then merged to form one combined set of trends 
and events judged to be significant for each delivery channel. • The results 
of this merged analysis are shown in Tables 21 and 22. Within each table 
and each time period, events are listed in 'decreasing order of importance. 

As -shown in Table, 21, none of the technological trends considered 
was judged to have a significant potential for impacting the handbook.^ 
^ue^er, technolpgical events were found in each time frame with the 
potential of such an impact. In 1975->80 , . the handbook nVay be signifi- _ 
' cantly affected by the advent of a portable/acceptable microfiche reac^er. 
Such a reader would particularly ' affect format and media characteristics. 
The^cheap, automatic indexing of natural language text will affect cost, 
e^se of use,' and format at a' very moderate level. 

m the 1980-19-85 time frame, the use of mathematical models on com- 
puters as direct input for numerical control systems will significantly 
impact the -handbook..- Effects will be felt in costj, accuracy, technical 
quality, format' and media, making this the event wfth -the broadest impact 
on characteristics of the handbook. 

Both analyses showed that in' 1980-1985, cable TV or other electronic 
methods permitting home/office storage of tejttial images which ±s cost- 
competitive with hard-copy versions will moderately affect the. handbook 
through slight impacts oncost, currency axid form■at^ and a moderace affect 

in media, • 

• , Table 22 "presents the merged analysis of trends and events with 
significant 'imp^t on query input and response. A large number of trends 
and events were judged to have a .potentially significant impact on this 
delivery channel. " . " • . 
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Table 17.- Summary: Technological Trends and Events of Greatest 
Potential Impact on Handbook and Inquiry Response 
Service Characteristics 



HANDBOOK 

1975-1980 EVENTS 

Cheap y automatic machine indexing of natural language text 
1985-1990 EVENTS 

'Cable TV or other electronic methods permit home/office 
storage of textual imag *". cost-competitive with hard 
copy versions ^ " ^ , 

V, 

QUERY RESPONSE 1 

Trend . , 

Percent of users with access to remote interactive 
terminal increases 

Cumulative number of facsimile transceivers installed 
increases - 

.Cost of typical on-line search, in large S&T dat*a base 
using Interactive terminal and standard telephone 
line decreases ^ ^ ^ 

1975-198 0 EVE NTS- 

Chenu^ automatic machine indexing of natural language text 
Source Ic ator (directory of lAC's plus thesaurus) 

1980-1985 EVENTS ^ ^ 

A computer— linked network of lAC's will be available to 
S&T users 

Laser used for facsimile transmission-5 million pages per 
second (in conjunction with image input and storage) 

/••jtomatlc OCR^ multi-font readers in common use , 

Natural English-language . file inquii^y and updating available 

1985-19S0 EXTENTS " « 

Remote graphic terminals with input and output capability 
available for $100- ^ " 

One integrated master thesaurus exists for all S&T data bases 

Associative or content-addressed memories' possible due to 
use of large; inexpensive memory units 
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Table 18. Trends and Events Affecting Handbook Related to 
, Characteristic^ Important to User, 
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Tread 
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type-setting 
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Itaagc Input to storage and image storage 

Katbcratical models on cosputcrs aa 
direct Input for nujscrical control 
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Electronic or microimage cocposltlon 
uaed by aubscrlption information services 

" Infonnatlon no longer created pre- 
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Table 19. 



Vrrend? and Events Affecting Inquiry^ Response Related to 
% Characteristics Important to User 



Characteristics of laportance to User 
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TerTal-aal^termlnal conferencing , ^ 

Low-cost mini llnlts bctveea lAC's and 
smart • terminal In home /office 

International technical data syatcn 
accessed. by company library via 
electronic I/O 

1980-85 

Natural English language file inquiry- 
updating 

50Z of all S&T' personnel have pers^al 
automated data base 

1985-90 

Video phone conferencing 

Extensive 2-way CATV 

Instant network conferencing 
available to 90Z of S&T personnel 

Cable TV or similar permits home/, 
office storage of text ixaages at 
competitive costs tio hard copy , 
versions 
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rkhlB 20. ^Summary: " Treiids and Events Whi^h'signif icaiitly 
Affect. Chartcteristiqs Important to User 



■7^ 



* handbook ' ' ^ 

1975*1980 EVENTS ^ ' - , ' 

Portable/acceptable microfiche reader 
. 19^198S'EVT5NTS. ^ ^ 

'Mathematical models oa computers as direct input for 
numerical control systems 

1985-1990 EVENTS • . , 

'cable TV or other efectronic metHods permit home/office 
storage of textual images ^ost-competitive with bard- 
copy versions • ' /, 

QUERY. INt^UT ^ 

Trend ' ' ■/ ll . 

Percent of S&T information generators/uscts with access to 
a remote interactive terminal increases 



1975-1980 EVENTS ; 
'v X^ow^cost mini links between lAC'^s and smart terminal . 
in borne 

Terminal- terminal conferencing 
1 980-^1985 EVENTS 

\ 

Natural English- language file inquiry-updating^ 

1985-19 90 EVENTS , . 

Instant network conferencing availabl^j to 90Z of 
S&T personnel 

Extensive 2 -way' CATV ^ . 

QUERY RESPONSE 

Trendy 

Percent of S&T information generators/users with access to 
a remote interactive terminal increases 

1975-1980EVENTS . ..." 
Low^rost mini links between IAC*s and smart terminal 
in home 

■ferminal- terminal conferencing 
1985-1990 EVENTS » 

Instant network conferencing available to 90Z of S'6T 
personnel ^ ; ^ 

Remote graphic terminals with ^0 capability cost $100 
Video personal comaunicacion with facsimile transceiving 
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Table 21. -Merged -Analyses Summary: Trends and Eve^ts Affecting 
• ; ' ^ ^ Users of Handbocrfcs / • ' 



•Trends: ' None 



'V. 



1975- 1980 Events ^ . ^ . 

Portable/acceptable microfiche reader • ./ 

' .'• , v • ^ ^ • ' . ' • — ' 

Cheap,- autooatic iittdcxing of'! natural language text - . ■ " * 

•■, • ■'V"-''^ . ' • ■ • 

1980-1985 Events ' ' 

-MatH^maticail models'-bh colaputers as direct input for 
numerical-, control systems ' ' v 



1985-1990 Events 



Cable TV or other electronic methods permit home/office 
storage of textuall ^Images cost-competitive with hard 
copy versions -/ - v 



trable 22. Jte^^ed Analyses S™ary: .■ Trends and Events Affecting 

Users of Inquiry Response Service ; 



I 



Tr^n^y ^ ■ ' ' • , ' - • - 

Percent of S&T informatio^ generators/users with access 
' to remote interactive t6rmWl increases 

Cumulative number of facsimile.^ trahsceivers installed • 
. increases . \ >■ " . 

Cost- of a typical on-line search in a large domestic ■ | 
S&T d2ta base using an interactive terminal and 
standard telephone lines decreases ^ 

1975-i980 Events ] ^ . 

Low-cost mini links between lAC's and sinart terminals 
in home/office • - 

Terminal/termitial conferencing ^ 
Cheap, automatic indexing of natural language text 
Source locator 

^ i -ft? 
' 1980-1985 Events 

Gomputer-linked network of lAC's 

Natural English language file incJCiry-updating 

Laser used for facsimile trasmission-5 million 
pages per, second Cin conjunction with image input 
and storage) 

^ Automatic OCR multifont readers in common u?e 

1985-1990 Events ' • 

Instant network conferencing available to 90% of S&T 
personnel 

Remote graphic terminals with I/O capability cost $100 
Extensive 2-way CATVs - 
■Video personal communication with facsimile transceiving 
One integrated mister thesaurus for all S&T data bases 
Associative or- -content-addressed memories Ccheap and large) 

■ ^ . ■ — 
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* 

■ : • ' .. . * • \ 

In both analyses oi^ trend stood\6ut as having a potentially power- 
ful impact on'use?* valued characteristics of-^.the query delivery channel 
\ The 'increase in the , percentage of scientific and technical infiormati^sjy. • 
generators and users having access to remote interactive terminals will * 
significantly impact response time, ease of access, ease of use, format, 
and media. It will moderately affect understandability* 

Two other trends are^ of significant potential impact based on data 
from the analysis of trends and events of greatest potential overall 
impact. The increase in the number of facsimile ^transceivers .installed 
Vill significantly affect response time and media and will moderately ' ' . 
impact ease of. access and ease of use. A trend of decreasing cost of 
typical OTii-line search in^^a large domestic sirientific and technical data * . 
base (using an interactive terminal and standard telephone lines) will 
have a significant impact on cost and' moderate impacts on currency, 
- response time, technical quality and coverage to topic. 

In the time frame 1975-1980, low-cost .mini comp.uter links between 
lAC's and smart terminals in the -home or ^office will have a very signifi- * 
cant impact, affecting turrency, response time, ease of access, ease of 
use, format,, media, recall and relevance significantly, and cost and 
accuracy moderately. Terminal-to-termina;^ conferencing will also have a 
significant impact through its strong effects on cost, currency, response 
time, .ease of access, format, media and relevance, and its moderate effects 
on ease of use. Cheap, automatic indexing of natural language text will 
.significantly impact accuracy, technical quality , coverage of topic, recall 
and' relevance, and moderately " impact currency. The "source locator" will 
significantly affect response time and ease of access, and moderately 
affect ease, of use. " 

From 1980-^985, four techhotogical events were judged significant. 
The availability of a. computer-linked network of lAC's will significantly 
affect currency, technical quality, coverage of the topic, and recall. 
It will moderately affect response tim^ and ease, of use* The advent of 
a^vailability of natural English language file inquiry-updating was seen 
as being moderately significant during its analysis as one of the overall 
potentially significant events. Its significance was upgraded in'the 
second analysis because of its direct effects on query input. It was seen 
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to affect accuracy, ease of acceks and .easd of use significantly, anJ 
to impact technical quality moderately. The. use of the laser for. 
facsimile transmission at a speed of 5 million pages per. second (in , 
conjunction with image -input and storage) would significantly affect ^ 
•currency, technical quality and coverage of the topic. The common use 
of OCR multifont readers would have a moderate significance tKrough xts 
strong affects on accuracy and currency. _ ' ^ 

The time frame 1985-1^90 presents the greatest number pf significant 
eJents. The availability of instant network conferencing fo 90% of . 
scient'if ic and technical personnel will have widespread significant ^ ^ 
impacts on 'query input, strongly affecting accuracy, currpcy, ease of 
access, technical quality, format and media. It.will moderately affect 
cost, ease of use, coverage of topic, recall and relevance. The avaxl- , 
ability of remote graphics terminals with i-nput/output capability at a 
cost of §100 will -have a major impact on query response. Thesfe low cost ,^ 
terminals will have a major impact on format, significant impacts, on.- 
response time, ease of access, ease of use and media, and moderate impacts 
on cost, accuracy and undersrandability . ExtensiVe 2--way CATV will aff^ect 
<iuery input,- significantly impacting cos^. Currency, response 'time, ease 
of access, format, media, and r.elevance, and moderately impacting ease of . 
use - Video -personal' communication with facsimile transceiving will sxgni 
ficantly- affect the cost, ease of acces.. and media of quer^ response-, ^ 
while.moderately affecting its accuracy, currency, response time, ease .of 

■ use, understa-ndability, and format. The existence of one integrated master 

■ thesaurus for all scientific' and technical data bases wik significantly 
impact technical quality ,^ Coverage of topic, recall and relevance of the 
query, afd will moderately .affect it. accuracy. Finally, -the possibility 
of associative or content-addressed memories due to the use of large, 
inexpensive memory units will affect the technical quality, recall and 
relevance of (Queries significantly. 0 . 
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. SENSITIVITY OF COSTS AND BENEFITS 

to' TWO TECHNOLOGICAL INNOVATIONS ' . 

Introduction and Elf^hllg^its • 

The analytical models developed in this study have a major ^ . 
application as tools for assessing the impacts which changes 
communications technology will have upon-£he anticipated costs ' 
and- Benefits -of lAC products and services. This chapter describes . ,- 
the :r^ilization- of the models for this purpose^and provides .a test 
of their. applicability as tools for lAC management. > _ 

Highlights include; • 

- Model parameters with sufficient detail to periait projections 
of lAC service costs to 1985 , 

- Three alternative scenarios ■ for 1985: a "baseline", or surprise - 
free scenario, a scenario including J, portable acceptable 

• microfiche (PAM) .reader, and a scenario including terminal-to- 
terminal conferencing- ^ , * . , - ' 

- Model. bene.f its (lower bound) are .Relatively insensitive to the 
changes presumed by the 1985 scenarios, iiowever,. costs are 
better incorporated into the model and consequently the 1985 

■ scenarios exhibit higher costs, particularly higher salaries , 

for the evaluation/research functions. 
Rationale for Selection nf Innovations . . . ' 

In this chapter we postulate three altem^ative possible futures 
■in the form of ■■scenarios" of the lAC and its environn^ent irr the year ■ 
'1985 and, ba^sed ^bn available data, compare these with the IA€ .s it was 
in 1975. This comparison permits examination of the related changes 
vhich will most probably occur-^in -the various .odel ■ parameters thereby 
affecting anticipated costs and benefits. . ^ 

" The first of the scenarios;is the "surprise-free-baseline agaxnst 
wkch we can assess the impact of two technological innovations which 
appear likely to have .ighificant effects upon lAC's and their, users. 
The innovative events 'examined are the introduction and widespread 
: adoption of -a portablev-^cceptabl. microfiche reader. (PAM - often 
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referred to as a "cuddly microfiche reader") and the development within 

the S&T community of a substantial network permitting terminal--to-terminal 

conferencing. Detailed discussions of the^^precrse form which we are 

Stipulating for t^hese developments and the explicit assumptions which are ^ 

made to generate the requisite - level of detail for application of the 

models are included in subsequent sections of this chapter. This section 

explains the reasons for the selection of these "particular innovations 

.for consideration. - ' . ^ 

. Chapters 6 and 7 describe analyses which compared selected tfecHtio- 
A ' > ^ 3 7 

:u)gical trends and events explored in earlier studies, ' in^ terms of 

their relative impacts upon lAC functions and upon the characteristics 

of lAC products and services which are valued by LAC users . insofar as 

these have 'been identified- Also, irt the early stages of -this project, 

the members of the'Overview Committee were present'ed with a list of some 

potential innovations and asked for their opinion- of those in three given 

time frames which would have significant impacts on lAC's and their users- 

The Ove'rview Committee's i:esponses and the relevance analysis were used 

•to produce a "short list"of potentially significant innovations. Use of 
data from one of the early studi^, specifically a series of probability 
estimates for the occurrence of sich innovations by a specified year which 
was provided by experts in relevant fields, enabled the selection of events 
which have been estimated to have a 90% likelihood of happening by 1985. 

The ultima-te selection of the two innovations to be applied ,was 
based on the judgment of the study teamv T^e chosen innovations are 

^ considered representative of a much wider class of potential changes which 
will probably affect the specific lAC services of inquiry response and hand 
books. ^ 

Definition of "Baseline" (Surprise-Free) Scenario 

This scenario is based upon the assumption that no radical' changes 
occur which are likely to affect lAC operations between the present (1975 
in this case) and the "snapshot" date af 1985. - Thus, extrapolation of 
present trends will define the parameters of concern, extrapolation being 
defined in this context as basically judgmental and rationally defensible 
rather than purely mathematical. Due to the inherent variation and un- 
certainty in the 1975 data,- it did not seem either valuable or justifiable 
to apply sophisticated mathematical curve-fitting, and extrapolation 
. techniques..\ : 
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To conceptualize the impacts of the innovations on cost and benefits 
of lAC services, the project team" utilized the conceptual "supply/demand" • 
model described in Chapter 3 as a. framework for analysis. Figure A .n 
Chapter 3 illustrates the suppl'y and demand model graphically. It would 
seem that\n the absence of "surprise", i.e., if only current growth 
patterns "r^ed be considered, these curves will remain an adequat^e descrxp- 
tio'n o^ the relation of the lAC to its potential user environment .^Quali- 
tative variation may occur in both supply of and demand for information 
services.. The cost can' also be expected to change, but the positional 
and topological curve shifts will not affect" the basic contention that 
the potential tnarket ^or lAC services. or for a particular channel for 
delivery of an lAC service will be defined as that area bounded by the 
-supply and demand Curves below their intersection;' by the. cross-over line 
■ where seif-supply 'is cheaper than. lAC supply; and by the boundary where 
the service becomes more' costly than its perceived value as. measured by 
•user's willingness-to-pay. 

Granting, therefore, that this same diagramatic representation • . 
remains valid, we do not attempt to apply dimensions to relate the 1985 
and 1975 versions. Rather, in considering the changes due to innovations, 
we relate the shifts in the curves due to one or anolher of the innova- 
tions to the 1985 -surprise-free" configuration without attempting to . 
define that configuration precisely. 

The quantitative c^st-benefit models, on the other hand, are applied 
under this assumption of "no radical change" b/^^ojecting cu^^ent data 
iA accordance with established historic trends, by analogy with;«^er 
f parameters whose anticipated behavior can "be predicted with an a^^ptable 
' degree of probability, by subjective "informed judgment" based on expli- 
• citly formulated assumptions, and where^np other data are available, by 
" stipulating a value and observing the results of applying the model in 

each specific case. 

Table 2-3 summarizes the predicted parameter changes .that ' affect 

the models: 

^ Benefit model, inquiry response 

- Benefit model, handbook 

- Co'st model, inquiry response 

- Cost model, handboolc^ 



Table 23. Baseline Scenario for 1985: Variation of Model 

Parameters Over a Decade 



Parameter 

Benefit Model: Inquiry Response 

Time saved %er use 

Number of uses per year 
(by one client) 

Value/hour of user time 

Price charged by lAC 

Number of users per year 

Benefit Model: Handbook 

Time saved per use 
Numbe?" of uses per year . 
Value/hour of usfe^c^^time 
Cost of handbook 
"Lifetime of handbook 
Number of handbooks sold/year 

lAC Cost, Model: Inquiry 
Response and Handbook 

Fixed : Rent 

Telephone 

Furniture & 
equipment 

Office supplies 

Subscriptions: # 

Q 

Total ■ 



1985:1975 
Value 



1 
1 

12.5:8.9 1.40 
6% p. a. = 1.79 
1 



1 

. 1 

12.5:8.9 = 1.40 
26.6:18.6 = 1.43 

1 

1 



Data Source 
Reference 



6.5:5.4 = 1.20 
5:17 = .29 0 

6% p. a. = 1.79 - 
.28.2:21 = 1.34 
490:462 = 1.06 
250:166 = 1.51 
= 1.60 



2 
3 



2 
2 
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Table '23. (Continued) Baseline Scenario for' 1985:" Variation 

of Mod«l parameters Over a Decade. 



Parameter 

lAC Cost ModeL (Continued) 



Fixed: ^Advertising & 
Biarketing 

Copying & 

reproduction 

Postage 

Travel ^ • 

Computer time 
, Computer terminal 
Salaries: 
Manager i\ 

@ . 
Total 
Clerical # 
@ 

Total 
Professional # 

@ ■ 

Total 

Total 
Fringe benefits 



Allocation factor ■ 
Variable: Salaries: 

Professional 
.Clerical 

i 

Computer time Ix 
supplies 

Professional hours 

Discount rate 

Time horizon 



1985:1975 
Value 



1.-9:1.'35 = 1.41 

.48:. 37 = 1.30 
24:13 = 1.85 
.086: 1076 =-1.13 
3:11 =",.27 
, .21:2% 7 = .08 



22.5:15.5 = 1.45 
= 1.45 

51.7:51 =1.01 
9.5:7 = 1.36 
= 1.37 

67.5:51 = 1.32 
18:12.7 = 1.42 
= 1.87 
= 1.59 

25% '85 salaries: 
15% '75 salaries 
= 2.65 

1 - 

1.87 
1.37 

3:11 -= .27 
67.5:51 = 1.32 

. 1 
1 



Data Source 
. Reference 



2 
5 
4 
6 

\ 



2 
3 

2 

4 



As above 
As above 



ERIC 



12U ^ 



94 



for this 1985 baseline case. The table lists the defined parameters, 
^he ratio of their projected 1985:1975 values., and the- data sources/ 
employed in deriving the"se estimates. All dollar amounts are measure^ 
in"* current, not constant dollars. The following paragraphs disqjis^sjS^ 
predicted variations ^in the individual parameters. Data sources in bo^ ^ . 

Km ^ 

text and table are giv^n as a niimber referring to an entry In the list 
of referenc^es at the end of this chapter. ^ . 

In each instance for which a parameter is predicted to change from 
its 1975 value, the change will be noted in the text in the following 
form. The first decimal figure represents the multiplicative factor 
for computing the 1985 value /given the 1975 value. The numbers ^n 
parentheses are 'expressed as a ratio indicating how this factor was 
derived. For -example, where the 1975 salary for a technical engineer . 
is $8,900 and the 1985 predicted value is $1^,500, the multiplicative 
factor is 1.4 (12.5/8.9). ' 

Benefit Model for the Inquiry Response Service. In the case of 
inquiry response, time saved per u&e i^ defined as the time which would 
be chargeable to locating the desired information rather than t^ elapsed, 
time between making the request and receiving the response. As- such, it 
appears reasonable to assume that this parameter does not change^diiring 
the decade of interest. -7 

The number of uses per year is defined as the number of timers 
•specific user avails himself of this service during one year.. This 
number will certainly .vary during the year. However, we believe this 
variation is dominated by/ the extent and nature of the user's- experience 
with the lAC, his position and length o£ service in his- own organization, 
and similar factors, rather than by whether the year is 1975 or 1985. For 
the average user of the average . lAC,- the number of uses per year may increase 
due to the fact that he has become more familiar and, thus,-, comfortable 
^ith the use of lAC services. However, this effect does not^pear to be 
predictable. Hence, we have assumed this^ factor remains constant. 

Lacking information as to the precise identity of the user population 
In terms of those whose time is saved by use of this service, we make the 
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assumption that the rate of increase of - the value per hour o_ , ^ 

is the same as that of the medlah salary of the male technical engineer . 
This assumption gives a ratio- of 1.40 (12.5.:8.9) in current dollars. 

The price charged bv thelAC is a dependent rather than an inde- 
pendent variable and is a function of outside funding through subsidies. 
We assume a 6% inflation rate. 

As was the case for the number of uses of the service by a single 
•user, one would intuitively expect the number of users per year, to increase 
with'the age of the particular lAC. However, based on the data available, 
we have assumed the number will remain constant' for the average lAC. The 
largest span of historical data available to us is 8 years, for the , 
Machinability Data Centner, and this appears to have roughly stabilized 

over the last 5 year.s. . . ' 

Benefit Model for the Handbook. The analysis of the parameters off 
time saved per use, numbe^^fjliZs^^-Zgar and value per hour of us _e^_tise 
follows the same rationale as for the inquiry response service. 

' We do not have adequate data on historic variation in handbook cost 
to project this parameter far ahead. Fortunately, the model is Relatively 
insensitive to this variable. We have based the estimated price increase 
of 1:43: (26.,6:18.6) on the average pri<^e for scientific and. technical bo^oks 



published in' the U. ^.^since, 1960. 

we have assumed ;-tte lifetime of th e handbook will remain constant 



• during the period, of interest. This 'parameter is probably governed by 
the time sensitivity of the contents and, therefore, can be expected to- , 
vary according to the maturity of the technological field^^.^^J. 

Based on "the data available, the number of ■ handbooks^^^^:p^r annum 
■ is projected to stabilize a few years after introduction of ^^handbook. 
Therefore, we have assumed a constant value as the typical case. 

Cost Model for Inquiry Response. Looking first at fixed costs, ^ rent 
'--xs-clearly both time and location dependent. Therefore, for analysis ' 
purposes, we have taken the national average value per square foot for the 
information industry in general and- have assumed no increase in area 
occupied.. These assumptions yield a ratio of 1 - 20 (6 . 5 : 5 .A) . 



Fixed cost for the telephone is a function of the number of hours 
spent on the telephone, as well as the average cost per hour. We have 
assumed that the former will be constant and have projected the 1985 ^ 
average cost* per hour to be lower by a factor of .29 (5:17) on the basis 
of the findings of a previous study. Respondents in that study indicated* 
that by 1985 such communication costs would probably be independent of distiaince. 

We make the assumption that the fixed costs- of furniture and equipment 
include both purchase/rental cost"^ and upkeep. In the baseline scenario, 
it is implicit that no radical change in the type of equipment needed , 
will occur/ The prajedted increase of 1.79 is based on a 6% inflation 
rate. 

We assume that the fixed cost - of office supplies will be dominated 
by paper costs which haye risen dramatically and are projected to double 
in the twenty years, from 1960 to 1980, In the decade of interest to this 
study, the ratio would be 1.34 ,(28-2:21) 

Fixed costs of subscriptions are governed by two^f actors here, the 

number of publications to which the lAC subscribes and the cost of an 

individual subscription. Both of these will depend on the particular ; 

orientation of -the lAC itself. We have combined the fields of physical 

science, mathematics , computer sciences engineering, and engineering, 

and have assumed that -the number of subscriptions will grow at the same 

2 

rate, 1.06 (490:462), as the natitmal journal output in these- fields. 

The cost per subscription is based on this same combination of * disciplines , 

^ ' ' ■ ■■ 

assumes that the lAC has an institutional subscription rate, 'and is pro- 

1 

jected to increase by 1.51 (250:166) in the ten year period. 

Fixed costs' for advertising and marketing is a judgmental figure 
based on 2% of the gross annual income of the . lAC *s . The 2% was based on 
a review from a variety "of sources covering service industries in general. 

The parameter of fixed costs for copying and reproduction is a function 

of two factors:^ the number of pages copied and the cost per page. The 

estimated figures here are based on increases in photocopying costs. , We 

assume a constant number of pages, and assess the total cost' increase rate, 

2 

1.30 (48:37), as that of a page of photocopy. 
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Since first-class mail can be assumed, to be the predominant mode . 
used for all-office mail, the projection of the' fixed costs of postage, ^ 
1.85 (24:13), is bas^d. on tl^e projected per ounce costs of this service. 

Based on current practice for .the Ws included in our survey^ iixed 
costs for travel are assumed to increase .at the rate of air travel per^ " 
mile', with no significant change in the number of mi.les traveled: Due ' 
to inflation and the oil crisis, ^ he trend in this parameter has changed^ 
radically over the past four -years. Two separate prajections were made, 
representing the extreme boundaries of a probability sector, and the 
factor of 1.13 (86:76) is an average of these extremes. ^ 

The figure, for fixed costs of computer time, measures lAC expenditures 
on computer. operations not related to. the inquiry response, service. This 
is best represented in terms of an indicator such as connect^time charges 

would^ apply if the computation ^re perfohned using time-shared 
miities.' Since charges are predicted^ to drop .by a factor .of .27- (3:11) 
"between 1975 and 1985, we have employed that modifier for this paraT^^er. 
Fixed costs for use of rn^ puter terminals will vary considerably 
according to the type of terminal. Present trends indicate an increasing 
tendency towards using the "intelligent" or "smart" terminal, and the" 
:-tost estimate given here, . 08- ( . 21: 2 . 7) , reflects this trend but assumes 
•\o' ^adical breakthrough in equipment capabilities or costs.- We also assume 
that rental costs will follow the same curve as purchase costs. 

Fixed costs for salaries are considered in .three categories: 
managerial, clerical and professional. The salary figures for managers , 
are based on the assumption that the manager is male- or, at least, is 
■ paid at the same rate as a male. "The correspond^ing multiplicative factor 
over the decade is then 1.A5 (22.5:15.5). Similarly, clerical help is 
assumed to be female, giving a value, of 1. 36 -(9.5 :7) , and professional 
salaries are averaged over male and female trends since 1962 giving a 
factor of. 1.42 (18:12.7). ^ 

In computing a total salary figure, it is assumed in accordance with 
Chapter 4, that the lAC staff involved with inquiry response consists of: 
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manager time) 
2 clerks (each 1/4 time) ' 
-1 professional (1/4 time) ^y^r 
^ We have eillowed for^the fact that staff ing^ requirements , and 
individual salaries will increase over the decade, . We assume that [ 
the nximber of professionals wilT increase at roughly 1.32 (67.5:51), 

the rate of increase of relevant journal articles" in. the fields 

• "'^ 

previously defined; that tjie number of clerical personnel will increase 
^ at the rate of . 1 for every 10 professionals; and that the number of 
managers will remain constant over the decade. 

.' Fringe benefit costs ^are very difficult to predict because of 
the lack of a clear definition of what constitutes such benefits, the 
iincertainty of their "real cost" even after they have- been defined, 
and the need to predict changes in either the nature or extent of 
benefits over the decade concern. The 1975 "fringe benefits" ^. ' 
figure in practice has been quoted as ^between 15% and 20% of total 
salaries. Social trends such as the *^decreasing work-week, more paid 
sick leave, and negotiation of generally more "labor-favorable" contracts 
ha^^led to an increasing ratio. Therefore, we.^estimate an- increase 
to 25% of total^salaries by 1985. r: ^ 

The Multiplicative factcgr in this case is the-xatio of 25% Of the 
total salaries of 1 manager and 1. 32 -prof essionals , for 1/4 time, and 
1.01 clerl^ half-time; to 15% of the'^lfetal salaries of 1 manager and ^ 
1 professional 1/4 time, and 1 clerk half-t4.me. This gives a value^of 
2.(65 (7302.8:2756.3) using the salary figures previously computed. . 

Despite the changing rationale for the establishment of an alloca- 
tion factor fo^ fixe<fe> costs , empirical^ obsei^atious have shown that this 
factor tends to remain fairly constant over .long periods of time.. Accord- 
ingly, in this base-line scenario, we assume no change in the factor 
through 1985. . - - 

Turning to variable costs , salaries on a per hour basis will change 
at the same rate predicted for the salaries included in fixed costs. 

Variable costs for computer time and supplies are assessed %n^ so ^ 
many different* ways that it is dif ficult'^ to give a generalized figure 
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for this parameter. We therefore assume that if a professional .spends 
.the same proportioti of his time in computer operation? as he does now, 
the computer charges in current dollars per professional hour will be 
likely to decrease at the same rate as connect-time, .27 (i.e., 3:11 

by 1985).^ , 

The number of professional hours expended per year on providing- 
inquiry response service is likely to go up 'as the data-base increases, 
even if, as we are assuming, the number of inquiries processed regains 
the same. Relating this to the number of relevant articles, we have 
an increase factor of 1.32 (67.5:51) by 1985.' . 

We assume that the discount rate and the time horizon remain ^ 

unchanged . " • , - » 

Cost Model for Handbooks. The cost model for handbooks has the 
•same total fixed operating ' costs as the inquiry response service (one- 
fourth of total' fixed operating expenses). The changes in the individ- 
ual" cost components are presented in the discussion of trhe cost model . 
for the- inquiry response service. 

. The preparation costs (writing,' editing, typesetting, proofing) ^ 
.for a handbook are almost exclusively salary costs. Thus, the change in 
the costs from 1975 to 1985 should be the same as that ^or other lAC. 
salaries.. Using" the overall composite ratio (managerial, professional, 
clerical) yields a factor, of 1.59 for the change in salaries between 

1975 and 1985. . . ,. 

.Printing costs are assumed to change in approximately the same ratio 
as copying and reproduction costs , or .48:. 37 = 1.30. -Thus printing costs 
of $5 in '^975 ,become $6,50 in 1985. 

T;he selling, price of the handbook, as discussed under the Benefit 
Model, will rise by a factor of 1.43 over the decade of 1975 to 1985. 
This is based on the trend" in the prices for scientific and technical 
books published in the U. S. since 1960. 

The lifetime of the handbook and the discount rate are predicted 

to remain the same. 
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Effects of Innovation 1; Portable., Acceptable Microfiche Reader (PAM) 
This discussion presumes the development of a simply constructed., 
highly acceptable portable f Iche-reading unit whfch could be used by 
an Individual at home or in the office. By utilizing new technology. such 
as "fish-eye" i^ilcro-lmagery , the poor read quality now widely encountered^ 
would be radically improved with consequent increase in user acceptance. 
On the basis of information from manufacturers now working on the develop- 
ment, of such a product, the estimated future price is around $100 per unit. 

" As described in Chapter 7, the study team performed a refevance 
analysis on the impact of the PAM on the lAC products and functions, and 
on^ product characteristics perceived as important by the user. The con- ^ 
elusions of this analysis were that the PAM would: > 

- have a minimal effect on. query response. : 

- have a moderate effect on handbooks in general. This impact 
woul^l be expressed mainly in a change of medium and some 
accompanying change in^ format. There would also be some minor 
impact upon the cost and currency of the information produced. 

^ - slightly affect storage, retrieval and repackaging requirements 
internal to the*IAC ^tself . • - 

The baseline' scenario developed above permits a more detailed and 
specific analysis. Consider first , however , different ways in which the 
PAM could affect the lAC and the lAC's potential and actual market. 

The wider acceptance of microform which a PAM. would achieve would 
result in reduced storage requirements for a fixed amount of /data. Because 
microform is cheaper to ptoduce, more and more information would beVpro- 
duced in this form^ once acceptance was certain. *-tf present /trends continue 
by 1985 the price dif f erential> will be a.bout 8'.5 (17 :2) betVe^^ a paper 
and a fiche copy of the s^ame report. A probable result of this would ie 
an increased tendency for individuals and companies to store more data 
themselves,' thereby decreasing their need for outside information services. 

We do not believe that these changes would greatly affect .the demand 
for the type of service provided by either inquiry response or handbook. 
However, introduction of the PAM could lower the cost' of/ alternative (i.e., 
non-IAC) sources of inquiry response if th^. lise of microform increases 
the relative speed of consulting such alternative sources , thereby lower- 
ing their cost as measured in time expended, / 



In our Wysis, we assume .Chat , if the IA€ handbook is produced , 
as microfiche, a policy will be adopted calling tor. a complete reissue 
of the handbook every year and frequent updates of ap'propriate segments 
during the year. Frequency of update would depen^ on tlie_subject matter, 
i.e., on the maturity of the technology as reflected by its; probable rate- 
■of-change.^ We hive chosen a quarterly update in this • case which might 
consist *of only a single microfiche representing 96 p|ges of textual 
material. The savings to the lAC of producing fiche . gather than hard 
copy would probably be offset by the more frequent updating.- One intan- " 
gible -benefit of this policy to the user would be the incr^sed currency 

of the information. . . 

Table 24 summarizes our analyses of the changes from the 1985 base- 
line to>e anticipated a's a result of the PAM . innovation. The .^specif ic _ 
change/, are discussed in subsequent paragraphs:. _ , Those_ parameters which 
are unaffected are not mentioned except whetl "they are of special interest. 
,Any parameter sh^ting less than 5% is considered unaffected. . _ 

^ The number of uses per year of the inquiry response service by a 
. single client decreases " 10% to --refi^ct the probability that the client 
will store more data of his own or will use someone else who does so as 
a source. For the same -reason, the number of users may also fall, but* 
by the less than significant amount^ of 5%. - 

With regard .to the handbook benefit model , we calculated a more-, 
moderate reduction in cost of handbook than-tha£ used in the surprise- 
free scenario, which was based on a projection of prices charged .by 
NTIS for their reports in fiche and hard copy. This difference in cost 
reflects the facts "that there will certainly'be a "switch-over" penalty^^^ 
■ in: changing f rom,. paper pro^iuction to microform equipment, and that "cost" 
.. is defined as' price charge-d^ for 'a Wque , product and,-as such, "is not likely 
•to drqp soxadically. A pric^ reduction 'from $35 to $10 is postulated 
" -The lifetime -of the handbook /has been assumed to drop, from the. present 
5 y^ars to one -year based 'on our tim^stimate for issue of a- new hand- 
book. For purposes of .this analysis<^ have defined" ^life-time" as the 
time period from, one issue to the next. The number of handbooks . sold per 
year is assumed to increase by 107, as a -consequence of decreased pr,ice . 
combined with increased currency. , ^. ... 
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Table 24. ^-Alternative Scenario No. 1 for 1985: Va^iati^ns Due to 
the Portable, Acceptable Microfiche Reader (PAM) 



Parameter 

y 

Bene j^it. Model: Inquiry Response 

Time saved per use 

Number of uses per year 
(by one client) 

Value/hour of user time 

Price charged by lAC 

^Number of users per year 

Benefit Model : Handbook 

Time saved per use 
Number of uses per year 
Value/hour of user time 
*Cost of handbook 
Lifetime of handbook 
Number of handbooks sold/year 

lAC Cost Model: Inquiry 
Response and Handbook 

Fixed: Rent 

Telephone . ^ 

5' 

Furniture & 
» , equipment 

Office supplies 

Subscriptions: if 

■ @ 

Total 



BASELINE 

1985:1975 
Value 



12.5:8.9 = 1.40 
6% p.a- « 1.79 

1 ^ 



1 
1 

12.5:8.9 = 1.40 
26.6:18.6 » 1.43 

1 

1 



6.5:5;4 = 1.20 

5:17 « .29 

6% p.a. = 1.79 

28,2:21 = 1-34 
49(5:462 - 1.06 
250:166 « 1-51 
= 1,60 



INNOVATION 1. (PAM) 

1^85:1975 
Value 



.95 



10:35 =\29 
.2 
1.1 



+ YT") = .89 
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Table 2A: (Continued) Alternative Scenario No." 1 for 1985: Variations 
•. Due to the Portable, Acceptable Microfiche Reader (PAM) , 



Par ameter 

• . 

lAC Cost Model ( [ Continued) 

Fixed: Advertising & 
marketing 

Copying 

r eproduc t ion ^ 

Postage 

Travel . ^ 

Computer, time 
Computer terminal 
^Salaries: 
Manager # 

@ 

Total 
Clerical i\ 

Total 
Professional // 

. . Total 
^ Total 

. ' . , ^ Ptinge benefits 



Allocation Factor 
Variable : Salaries : 

Professional 
Clerical 

Computer time h \ 
supplies 

, 'Professional hours 

Biscount rate 

Time horizon 



BASELINE 

1985:1975 
Value 



INNOVATION 1 (PAM) 

1985:1975 

Value 1 



l.gfl.35 = 1.41^ 

.48:^,37 = 1-30 
24:13 =1.85 
.086:. 076 ="1.13 
3:11 = .27 
.21:2.1 = .08 



22.5:15-5 = 1.45 
= 1.45 

51.-?:51 = 1.01 
9.5:7 = 1.36 
= 1.37 

67.5:51 =.1.32 
18:12.7 = -1.42 
= 1.87 
= '1-59 

25% '85 .salary: 
15% • ' 75, salairy 



if 



1.87 ■ 
1.37 

3:11 = .27 
67.5:51 = 1.32. o 

1 
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In considering components of the cost model for Inquiry response, 
specif ically^ Increased investment and maintenance costs for furniture 
and: equipment , we find no significant change from the baseline case* 
Wj^Jj^jH^y one .professional researcher assumed for this model, only one 
at, most , two need /be considered. In order to be truly 
^. the- cost of the PAM reader will be of the order of $100, 
which- when amortized over 5 years can be disregarded. The cost of 
purchasing-microfiche production equipment would presumably be ascribed 
to the handbook service. 

Office supplies will include microfiche as well as paper, but 
without knowing the proportionate usage by different services there is 
no rational basis for modifying^the baseline estimate. Microfiche is 
not very likely to be used for inquiry response. If it is used for the 
handbook, - the more frequent updating and publication of new editions will 
probably offset the inherent cost advantage of fiche over paper. 

The estimate for subscriptions will change because of the general 
.shift toward microfiche. We calculate that "the number of subscriptions 
will remain the same as for the baseline but that the cost of those 
received in fiche will be down to ,12 (2:17) of the paper cost. Based on 
our earlier. study , fifty percent of S&T professional literature dissemi- 
nation will, be in microform by 1984. Accordingly, we estimate that half 
the subscriptions will be at the reduced price. The adjusted subscription 
total ratio of 1985:1975 values with PAM therefore becomes .89. 

Copying and reproduction costs undoubtedly will also reflect the ^ 
shift towards microfiche, bi^ it Is difficult to quantify the variatio^i. 
If handbook projjuct'lon is counted as a. '*fixed cgst" relative to inquiry 
response, this/parameter will be dominated by the greatly reduced cost of 
microfiche versus paper dissemination^ somev^at modified .by the increased 
frequency of update -and republication, and tne increased sales. If this 
parameter is considered to be invariant with regard to all specific seirvrl- 
ces, it will still be affected by the assumption that 50% of incoming 
material will be in microform, so that reproduction" of f iche-to-f iche or 
f lche-to-hard-c9py^ill be involved. The former is-'much cheaper (2:17 t^. 
19^) than paper-to-paper. The latter is currently about twice as costly^^ 
pef page as phbtocopyfng, but -likelj^^-t^ become much cheaper as demand in- 



creases. Accordingly, ve have assumed that .ref5 reduction costs will 
drop by lOZ in current dollars in this scenario. 

A similar consideration has to be applied to postage. Micro- 
''fiche weighs much less than paper (about 1:64 by information content). 
We assume that the microfiche makes up 502 of the total pages dissemi- 
nated and isj^sent fourth class, while the other .502 ' goes by first class 
mail. ' Based -on projected changes in postage rates, the multiplicative ' 
factor i,s 1. 10. 

The only, other quantity that seems likely to change in this 
scenario is the. number of professional and cler ical hiours. . As a conse- 
quence of the more frequent handbook updating, there should be some 
reflection in terms of increased hours. .However, the variable in this 
model refers to inquiry response, whereas the increase will show up in 
connection with the handbook. Thi^ may result in increased staffing 
requirements which -in turn would affect the fixed salary co6ts. 

The parameters for the cost model for the handbook change in 
several ways to reflect this scenario. First, since the handbook 
will be published once a year and updated on a quarterly basis, the ^ 
costs of handbook preparation will occur every year, rather tlian in 
just the first year of the five year cycle.- It is likely however , that 
a larger share of these costs will be incurred in the first year since 
the following years will involve an update process, rathej; than pi:epara- 
tion of an entire^y^ new handbook: . Therefore, the total liandbook prepara- 
tion costs, wi^ich are^ssumed equal to the one-t£me preparation tosts 
in the surprise-free Scenario , are. distributed as follows: .33% l*i the > 
first year and 16.7%'each year after the first. % ., 

': * The- printing cost of the handbook will fall significantly since it 
will be published in. fiche rather than on paper. As discussed previously, 
the price differential between a paper copy .-and a fiche copy of the sam^ 
.. report in 1985 should be approximately 8.5:1. Thus, if the printing cost 
of the hard copy is $|.50 in 1985, the "printing" cost of the fiche ver- 
sion should be about ^76. , ' . 

The price of the handbook will fall from $35 to $10 because, of the 
drop in the lifetime oftTife-handbook and because of the lower cost of 
printing due to conversion to fich 
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Although the lifetime of the handbook is reduced from five years 
to one year, the time horizon for considering costs and benefits is 
N maintained at five years to provide a comparison between this and the 
other scenarios. This is consistent with the assumption that the 
annual publications of the handbook after the first year are more like . 
updates ^han like entirely new handbooks. The discount rate remains the 
same. 

Sales of the handbook are predicted to increase by 10%. This means 
that instead of 1000 handbooks sold over a period of five years, 1100 
handbooks will be sold every year for five years. • 
Effects of Innovation 2; Terminal-to-Terminal Conferencing (TTC) 

Terminal- to-terminal conferencing allows the user to connect 
his terminal with the terminal (s) of one or^ more others/so that direct 
communication can take place. This innovation repres^ts a pha^ of 
communications technology mid\*ay between the telephone conferencing 
capability that exists today and the cable television (CATV) and video , 
phone conferencing of the future. Its widespreNad adoption will affect 
the lAC in various ways, both supportively and competitively. Support- 
ively,^ it wijLl primarily affect the inquiry, respons^ervice by raising 
the benefitsSroVided by that service. The user, sitting at his terminal, 
can directly communicate with the analyst at the lAC as the analyst works with 
the computer. This gives the user much surer ^control over the form^ of his 
request and enables him to receive almost instantly the ouJTput from the 
computer. He can then review the output , and discuss changes with the 
analyst. He will keep his paper copy of the terminal/ terminal conference 
as the official response of the lAC. , 

Terminal-to-terminal conferencing also allows the analyst at one 
lAC to call upon the data banks.'of other lAC's by "ringing up" his counter- 
part on the terminal. The user then has access to the combined kno\^edge 
of several lAC's. 

. On the other hand, terminal-to-terminal conferencing will make it 
both easier and cheaper for a potential user to consult non-IAC suppliers 
once their identity or location is known to him. In terms of the con- 
ceptual model, the total demand for inquiry response services from all 
soufces will rise since a new type of information; that of information 
source location, has now entered the system. A new or Expanded invisible 

■I 

' > i07 

- - * • I 1 Oo 



college will emerge based upon TTC which may have the effect of reducing 
the total demand for handbook-type information. From the lAC's point of 
view, therefore, the handbook will be unaffected or else will be less 
in demand. The inquiry response service will be subjected to opposing 
trends: a decrease due to users employment of TTC to access alternative ' 
sources, an increase because of referrals through the invisible college 
and the creation of a demand for different types of information. 

Table 25 summarizes the specific impacts of TTC in terms the 
cost and benefit model papaaeters. Again, we consider changes less tharf 
5% insignificant and we will discuss in the text only thos^rameter« 
significantly affected or of special interest. . ^ 

ThP -in qnirv response benefits, as already mentioned, will be intangi- 
ble in many instances since they consist .of improved user interaction and 
participation in the response activity, hence, increased user satisfaction 
The number of uses per year by one client may drop as he, becomes aware of 
alternate sources so we have estimated , a 10% decrease'. However, consider- 
ing all of the trends discussed above, we have estimated a 10% increase 

in the number of users. • , 

Where the handbook is concerned;^ the time saved per use may decrease, 
not/because of decreased eljNctriveness of the handbook, but because this 
measure is relative to alternative sources which may now be more effective 
We have shown this as a 5Z decrease. Because we feel that the handbook 
may be referred" to during TTC^ transactions within the S&T community, we 
also show a 5% increase in number of han dbooks sold per year as a conse- 
quence of increased awai*Cness. 

Applying the inquiry response cost model, the expenditures for 
furniture and equipment may increase as much as 10% due to the need for 
purchase and maintenance of terminals. This estimate may be high since 
terminalj^costs are predicte.d^o decrease radically by 1985. However, . 
we allow the figure to stand since the decrease in price will probably 
be offset by the introduction of ancillary equipment or more sophisti- 
cated terminals. Although- the nature and balance of off-ice supplies may , 
change, the total cost is still likely to be dominated by paper costs 
and will remain as reflect^^d in the baseline scenario. 
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Table 25. Alternative Scenario No.* 2 for 1985: Variations Due 

to Terminal-to-Terminal Conferencing 



Parame^ter 

Benefit Model: Inquiry Response 

Time saved per use 

Number of uses per year 
(by one client) 

Valufe/hour of user time 

Price charged by lAC 

^Number of users per year 

Benefit Model: Handbook 



Tim^^aved per use 

Number of uses per year^ 

Value/hour of user time 

Cost of handbook 

Lifetime of handbook 

Number of handbooks sold/year 

lAC Cost Model: Inquiry 
Response and Handbook 

Fixed: ' Rent 

Telephone 

. Furniture & 

equipment ^ \ 

^ Office supplies 

Subscriptions // 

: - v @ 

Total 

Advertising & 
marketing 

Copying & 

reproduction 

Postage 



BASELINE 

1985:1975 
Value 



r 

; . 1 ' 

12.-5:8.9 - 1.40 
6Z p. a. = 1.79 
1 



1 . ■ 
1 

12.5:8.9 = 1.40 
26.6:18.6 = 1.43 

. 1: • 
1 



6.5:5.4 - 1.20 
5:17 = .29 



6Z p. a. 
28.2:21' 
490:462 
250:166 



1.79 
1.34 
1.06 
1.51 
1.60 



1.9:1.35 - 1.41 

.48:. 37 - 1.30 
24:13 " 1.85 



INNOVATrON 2: 

1985:1975 
Value 



.90 



1.1 



,95 



1.05 



1.97 



•Table 25. (Continued) Alternative Scenario No. 2 for 1985: 
^ Variations Due to Terminal-to-Tenninal Conferencing 



Parameter 

lAC Cost Model ^Continued) 

Fixed: Tfavel ^ ' 

Computer time 
Computer termina^L 
Salaries: 
Manager // 
' ' @ 

Total 

Clerical // 
(a 

Total 
Professional it 

^ • Total 
. . " Total 

Fringe benefits 

Allocation factor ^ 
Variable: Salaries^: 

"Professional 
A* ' • ■ ^ - - • 

Clerical 

• Computer . time & 
supplies 

V - Professional hours 

Discount rate 

Time horizon 



BASELINE 

1985:1975 
Value 



.076:. 086 - 1.13 
3:11 = .27 
.21:2.7 = .08 



22.5:15.5 = 1-45 
= 1.A5 . ' 

51.7:51 = 1.01 
9.5:7= 1.36 
= 1.37' 

67.5:51 = 1.32 
18:12.7 = 1.A2' 
= 1.8? 

= 1.59 ; 

25% '85 salary?.. 
■ .15% '7 5 salary 

2.65 
1 . • 

' 1-87 . ■ 
1.37- 

3:11 = .27 
67.5:51 = 1^32 
1 
1 



INNOVATK^ 2: 

1985:1975 
Value 
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Copying aid reproduction and postage may be affected, b«t probably 
not significantly. ; Because telecommtinication is more expensive than 
postage^ the bulk of responses will proBably still be mailed out except ' 
where speed is a factor- * ' 

• The impact of this innovation upon computer - time and computer vterminal 
ges depends ^ery much on how the^ charges are assessed. According 
ur 'interpretation, computer time is concerned mostly with accessing' 
large/data ba^es and would probably not be significantly affected by 
the introduction of TTC. However, terminal usage would certainly increase 
in connection' with functions involving research to fill gaps and in inter- 
action with the inquirer. The figure of .12 quoted here represents a 50% 
increase over the baseline scenario. This is the minimum to be expected: 
it may easily go as high as 100% (.16), however, we elected to^ use the 
more conservative estimate. 

We have assumed no impact on salaries* Although the increased 
interaction capability would put a greater load on the professional staff, 
and> hence, increase the number of personnel, this increase would be* counter 
balanced by a decreased load on the cle^rical staff where material wa& 
transmitted directly via the terminal. 

Finally, the variable factor of computer time and supplies directly 
' chargeable to the inquiry respon'se service has been shown in the table 
as unchanged on the basis that increased usage and decreased cost. will 
balance each other. The wide community increase in terminal usage should 
result in 3. terminal purchase/ renta:l' cost decrease even more significant 
than that postulated for the baseline scenario. 

The impacts on the cost model for the handbook are relatively minor. 
The changes in the allocated share of the lAC fixed operating costs are [ 
presented in the discussion of the inquiry response cost model, .The 
handbook preparation costs, handbook printing costs, and selling price 
are the same as the 1985 Surprise -Free Scenario- Sales .are predicted to 
'increase by 5% with respect to the 1985 scenario so that a .total of 1050 
handbooks will be sold over the five year period rather than 1000. The . ^ 
time' horizon and discount rate remain the same* /- .r 



Application of Cost and Benefit Models to Scenarios ^ " . 

Applying the cost and benefit models to the inquiry response service 
and handbook service for this scenario (1985 surprise-free or 1985 SF) 
produces the results ^own in Tables 25 and 26. The net present value 
(NPV) of the "operating" costs for the inquiry response service rises 
from $246,939 .(1975 scenario) to $383,473. This is priinarily a result 
of the significant, increases in salaries predicted for the 1985 ■ surprise- 
free scenario. On the other hand, benefits to users change slightly, 
dropping from a net present value of $257,603 (1975) to $245,827 (1985 SF) . 
This is a change: of slightly less than 5% and is not . considered significant 
The overall effect ^is, thus, to change from a- positive net benefit (bene- 
fits to users minus lAC operating costs) to a negative one because of the, 
significant increase in operating costs without a corresponding increase, 
in benefits to user. The breakeven point (net <<6sts to lAC equal to net 
benefits to users) for the 1985 surprise^ree scenario is 3270 hours per 
year (number of hours customers are charged for) compared to 1918 hours 
for the 1975 scenari9. This 70% increase, as pointed out above, results 
.primarily from salary increases. . 

. For handbook service, the net present value of the "operating" costs 
changes from $201,662 (1975) to $301,142 (1985 SF), again primarily due 
to the significantly higher salaries predicted for 1985. The net present 
value of'^the benefits to users rises from $44 ,359. (1975) to $61,216 ^ 
(1985 SF). Thus the overall *net benefit cljanges from $-157,303 (1975) 
• to $-239,9^6 (198-5 SF) . The breakeven point for handbooks (benefits to 
users equal operating , costs) f6r the 1985 surprise-free.. scenario is 
3448 copies over the five year Jife of the handbook (average ahnual sales 
of 690) as compared to 3257 ; (average annual, sales of 651) for the 1975 . 
-scenario. ' This is a .6% increase in the breakeven poinfr and is barely 

'significant. ■ ' . . ' 

The results of applying the. cost and benefit models to the 1985 ■ 
: PAM Scenario are presented in Tables 26 and 27. For the inquiry response, 
^service, the net present value of the net costs of lAC operation is 
$369,159 and the net presint value of net benefits to users is $160,119. _ 
This gives an excess of costs over benefits of $209,040, which is 52% 
greater than for the 1985 ' surprise-free . scenario. The breakeven point., 
for this scenario is 4936 hours .,157% higher than the 1975 scenario and 
. 51% higher than the 1985 surprise-free scenario. The higher breakeven 
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Table 26. Summary of Costs, Benefits and Breakeven Points for 

Inquiry Response • 



SCENARIO 


NPV 
COSTS ($) 


NPV .. 
BENEFITS*($) 


"NPV : 

B-C(^) 


BREAKEVEN 
POINT(HRS) 


1975 


246,939 


257,604 


10,665 


^ 1918 


1985 Surprise Free 


383,473' 


245,827 


-137,646 


•3270 


1985 PAM. 


369>159 . 


160,119 


-209,040 


4936 


1985 Terminal 


384,460 


185, 4(a 


-199,059 


5100 



Table 27. Summary of Costs, Benefits, and Breakeven Points for 

^ Handbook Service ' • ; 



SCENARIO 


NPV 
COSTS ($) 


■ NPV 
• BENEFITS ($) 


NPV 
B-C($) 


BREAKEVEN 
.POINT (VOLUMES) 


1975 


'201,662 


44,359 


-157,303. 


3257 ". 


1985 Surprise Frjee 

I' 


301,142 


61,216- 


-239,926 


3448 


1985 PAM 


274,869 


148,273 


-126,596 


1829- 


1985 Terminal 


300,033 


58,857 


. -241,176 


3648 



point results from both higher , operating costs and a lower level of 

^ ' ■< ' OB 

benefit to each user. 

For the handbook; the NPV-'of lAC operating costs are $274,869 and 
the l^ of benefits to users are $148,273, giving "an excess of $126,596 
of costs over benefits. This is a lower deficit than for either the 
1975 ^pr the 1985 surprise-free scjeii-ario. 'The breakeven point, howe/v£r, 
is 1829 copies per year. Direct- comparison of sales volume between this • 
and the other scenarios is difficult because -the method of publishing is 
different as is the lifetime of the handbook (one >ear instead of five 
years).. Thus the 1829 sales might (and probably would) be to the same 
purchasers each year while for the other^scenarios , the sales are assumed 
to be to different purchasers each year. ^ 

Application of the cost and benefit models to -the 1985 Terminal-to- 
.Terminal Conferencing yields the Tvesults presented in Tables 26 and 27. 
For the inquiry response- service, the NPV of the net costs of lAC opera- 
tion is $384,460 and the NPV of .benefits to users' is $185 ,401 ,. yielding 
an exces-^ of $199,059 of costs over benefits. .As with the other 'scenarios , 
this deficit' is primarily a result. of higher salaries and within the limits 
of Che model, no major increase ' in the level of service or of benefits to 
xjsers. The breakeven point is 5100 hours charged to users- This is the. ^ 
highest of .any of the scenarios ancT'. is 166% higher, than the 1975- scenario 

value.. ' ■ ■ ' .; ; " ' ■ * - ' • ■ . 

For the' handbbok, the- NPV of net operating costs is $300,033 and the 
.NPv" of benefits to' user^ is $58,857, giving an excess of $211,176 of costs 
over benefit's . The breakeven point is 3648 over the five year life of 
the handbook -(average annual' sales of 730) which is 12% higher than the . 
1975 scenario. This demonstrates the sensitivity of costs and benefits 
to sales volume. Since- most of the handbook costs are fixed (associated . 
with handbook preparatLion) , total costs go up very slowly as a function of 
sales. The marginal cost of printing is the only significant variable cost 
Benefits are, however, linear with respect to sales volume. Thus, a 
doubling of sales increases. costs W only a small "percentage while benefits 
are doubled. , > : • 
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. CONCLUSIONS AND RECOMMENDATIONS 

4 . ■ ■ ■ - ^ . . . • ■ 

Highlights 

The research effort- described in this final report has yielded 
improved knowledge about lAC's and lAC economics. This improved 
laiowledge should benefit policy formulation and decision making on the 
levels, mix, and pricing of lAC services. Highlights of the research 
effort and the results includ^ the, following points: 

- An lAC performs evaluation and research functions which make an 
' lAC and its services and activities distinct and unique among 

. information centers and other Information services. 

- The research effort developed models for performing cost benefit 
analyses of lAC's; the models are consistent with observations 

■ about lAC's and with economic principles. 

- Data to permit calculations of costs and benefits are lacking; 
particularly lacking are benefit data. 

' - Potentially incompatible incentives exist between federal 

funding policies (guidelines for lAC managers) and economic 
efficiency considerations. • 
. -Technological changes can affect lAC operations, particularly 
• during" the 1980-1985 time period. However, the impacts of- tech- 
nology are likely to be less on the unique lAC functions than 
on other information center functions. 
- - lAC^cost accounting systems should include thd identification ^ 
' -and allocation of major cost items in a useful, consistent 

manner. .The system should provide for detailed allocation of 

personnel time* , 
- Additional research is needed to' estimate' the^ benefits iof the 
lAC services which utilize evaluation, analysis, and synthesis. 



ERIC 



116 



14 



2 



•A 



Uniqueness of lAC Functions 

An lAC performs many functions that other information centers 
perform, and an lAC's activities include many that are common to mosl 
information center operations. These functions and activities include 
the collecting and screening of data and documents, the indexing and 
storage of information and documents, the accessing of stored infor- 

- . tnation and the communication with other data bases, and the repackaging 

of information to meet the particular needs of the users. 
_ . However, an lAC also performs functions that are unique and that 

make an lAC distinct from other, information centers. The unique func- 
tion of an lAC is evaluation . Not only does 'the lAC screen data and 
documents for relevancy to the subject area, but the lAC evaluates the 
data and information. This evaluation activity examines the quality of 
the information and compares the content of the documents with related 
information in the sJbject field. When the results of these evaluations 

- , - indicate a knowledge gap, the lAC majr undertake research to fill the 

gap. The evaluation and synthesis, generally performed by subject 
_ specialists, set an lAC apart from other ceiiters which provide informa- . 

tion services. 

Cost Benefit Models " - 

The research effort produced models of costs and benefits associated 
with lAC services. These models have several characteristics: 

1. The models treat multiple services and illustrate 
interactions between services; - \ .> 

2. The models ai/e consistent vith observations about thie 

demand for lAC services and with fundamental economic ^ 

■ . • ■ . ■ /. - » •- 

^ principle ; and - 

3. The benefit model permits the calculation of a lower boun^ 
on benefits to the lAC users. ■ . 

^ . However, the benefit model does not permit' an estimation of the 

social benefits, and there is some indication that tlie lower bound 

_ estimation of benefits is too low. Using the models to develop only 

quantitative estimates of benefits does not reVeal sufficiently detailed 
information on the impacts of technology, which is judged to. produce 
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impacts on t^e expected value of benefits and the. potential for benefits 
(rather than changing substantially the lower bound on beoef xts) . . 

• Perhaps th^S^st itnportant aspect of the models is that they pro- 
vide a consistent^ framework for examining the economics of lAC^s- The 
o^dels incorporate known observations about lAC's and furnish a frame- 
work for f emulating hypotheses and making future observations about the 
supply and demand for lAC services. , 

* . ', ' '■ 

Data Availability 

There are insufficient data on the demand for lAC services to permit 
meaningful studies using the benefit model. The cost model provides a . 
.framework for utilizing normal cost accounting, data, and thus the avail- 
ability of cost data exceeds the availability of benefit data. 

Future studies are needed to improve the information available for 
calculating benefits. It is" recommended that additional research effort 
be undertaken to develop information in two categories. 

The first category is that of private (or organizational) benefits. ^ 
Information should be developed which would permit more meaningful esti- 
mates of the benefits of lAC services to the user, in particular, the 
relative values of the different characteristics of the lAC services 
(e.g., timeliness, cost, accuracy, precision) need to be examined. ^ 

The second category, is that of social (or societal) benefits. The 
indirect and societal benefits of lAC operation, such as the benefits 
resuming from th^ codification of knowledge, should be examined. ^These 
benefits may greatly exceed the private /organizational benefits of an 
lAC, but currently there are not data to permit an estimate or a calcu- 
lation of the magnitude of these benefits. 

Potentially Incompa riMe Incentives . 

Currently, managers of federally sponsored lAC's operate under 

the guideline of recovering about 50% of the face value of the federal , 
support contract by charging user fee., this guideline -assures feedback 
on the utility of lAC services, since it is unlikely that a user will . 
> continue to pay a fee for a service *ich is not useful . However, there 
is no assurance that this guideline leads to the socially optimum level. 
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or mix of services. Additional studies on the values of the lAC services 
are needed to determine whether, and to what extent, service charges can 
be used to establish valid indicators of the socially optimum level for 
an lAC service. 

technological - Changes 

The cost benefit models, xdiile inadequate tools to determine quan- 
titatively the impact of technological change, do indicate substantial 
impacts on lAC operations by technological trends and events. These ^ 
impacts can affect all phases of lAC activity, but the effects on the 
unique lAC functions (evaluation and research) are, judged to be less 
than on functions common to many types of information centers. It 
appears that the evaluative and research functions, because they involve 
mental judgment and "the utilization of mental resources, are less affected 
by technology than some of the^ other information service functions. Ho<7~ 
ever, there can be considerable changes in how the evaluative and research 
functions are performed. For example, the widespread implementation of. 
terminal-to-terminal conferencing can affect how research is performed by 
improving the efficiency of communication among members of an "invisible 
college". , 

Cost Accounting Systems^ — 

Cost accoxinting systems which collect and report the co^s of pro- 
viding lAC services are feasible and should.be utilized by all lAC's. 
The implementation of such systems will permit more knowledgeable deci- 
sions and policies regarding the level, mix, and pricing of lAC services. 
The systems should include provision for consistent accounting for major 
cost items. Personnel time, in particular, should be allocated to major 
service outputs in a meaningful, consistent manner. 

A' 

Value of lAC Functions . . 

The "value added" by the unique lAC functions of evaluation and . 
research needs to be examined. This value added, resulting in higher 
quality data arid information, is relatively expensi-^e, since it arises » 



from the application of resource' specialists' efforts. There needs 
to be a careful examination of how valuable such quality appears to 
be to the lAC user. As a minimum, •'there needs to be some estimate of 
the relative value of. "data quality" compared with other service 
characteristics such as responsiveness, ease of access, cost, etc. 
This study of the value of the lAC function is the single most import- 
ant next step in developing cost benefit information for lAC services. 
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INTRODUCTION 

This appendix reviews the literature .relevant to a cost-benefit 
study of information analysis centers (lAC's). It is intended to 
review the ideas from t^ie literature which were judged most salient 
and relevant to the research effort. 

This literature review is divided into eight general subject areas. 
Although. there is considerable overlap between some of the papers reviewed 
here, they.^re categorized by their priiaary emphasis. The eight areas 
are: ^1) .General Referenc^ and Background, (2) Economic Analyses of 
Information, (3) financing of lAC's, (4) Cost Accounting for lAC's, 
(5)- Cost Recovery and User Charges, (6) Marketing of lAC Products and . 
'Services. (7) User Appraisal of lAC Performances and User Needs Studies 

- and (8) Descriptions of lAC's. 

• The results, of the literature survey indicate 'considerable interest 

in'the problems 6f itif ormation dissemination such as ^ser needs, cost. 
• Accounting, and financing of information centers and lAC's. However,. 

much of the literature is qualitative and that which is quantitative is 

usually case specific. - > - . 
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GENERAL REFERENCE AND BACKGROUND 



An excellent reference and background source on information . 
centers is Information Systems» Servi!ces, and Centers (Weisman, 1972) . 
The boolc is concerned with several aspects of information such as the 
properties of information systems and services, mechanisms^ of informa- 
tion transfer, design considerations for . information systems, technical 
details of documentation, administration of information centers and 
services, and the* financial support for and concept of the worth of . 
information services* , » ■ 

The last tliree chap-ters of the hook are devoted to. an examination 
of the information, analysis center concept^ The' backgrotind, functions', 
and definition of IAC*s are reviewed with emphasis on the distinguish- 
ing characteristic of an -lAC, critical evaluation. In addition, sev- 
eral typical IAC*s are examined to illustrate ..the environment of lAC's 
and the impacts that these lAC's have on science. The last chapter 
contains an analysis of the characteristics of federally supported , 
lAC's in terms of age,* prof essional fields, host organization, service 
and products, sponsors, ' and size of the IAC^ ^^^1 it ai:ive' cr it e^^ for * 
establishing and disestablishing lAC's are presented- to provide some 
guidelines for decision and policy makers. The status and prospectus 
of IAC*s are also rev/JjIwed. ^ ^ . 

"Information Analysis Center: The Challenge of Be;J.hg Needed" 
(Branscamb, 1972) provides a good overview of some of the basic, needs 
for information analysis centers in the dissemination of scientific and 
technical information, the tr^itional undervaluing of information, the 
factors limiting the prices tm produptTs of an lAC, the importance of 
critically evaluated data in research, and the role of automatic data 
processing in lAC operation. In addition, a basic methodology fo|| 
measuring the success of lAC'sis presented in terms of questions that 
should be asked of the users- of lAC's, of the lAC itself, and of the 
R&D policy, makers in government and industry. The author suggests five 
necessary and sufficient requirements for the success of an lAC: 
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competence, continuity, completeness,, conscience,; and" cash. The con-,, 
eluding remark is a quotation of a recommendation frpm a .report to . 
, the Secretary General of the OECD that " govei;nments ^houU • iocje^se ■ 

• their support of the information interchange mechanism and .;.."that • 
policies and strategi.es for scientific ^nd technical informa.tlo^ ..• ., 

• should be developed as an integral- payt of design of policy as a v ■ 

• whole and- R&p policy in particular...", ■ ^ ' f~ [. 
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ECONOMIC ANALYSES OF INFORMATION 

The mo intfiresting, and innovative, reseai^ to come to»light 
in bur literature search and review is a 1971 MATHEMATICA report to 
the National Science Foundation entitled "A Cost-Benefit Approach 
to Evaluation of Alternative Information Provision Ptocedure (sic)" 
(Baumol, 1971). The research' was directed by an eminent economist, 
Dr, William S. Baumol. The report is actually a compendium of four 
distinct research projects, each investigating a salient aspect of the 
economics of information. Interestingly enough, insofar as cost-bene- 
fit analysis is a fairly well defined approach to economic viability, 
and the title of the MATHEMATICA report notwithstanding, none of the 
four separate research efforts deals with cost-benefit analysis. ' In 
particular, with the exception of the one macro-etonometric study, 
there is little in the way of benefit estimation , a sine qua non of 
cost-benefit analysis. 

The first of four separate research studies is the just mentioned 
macro-econometric approach. Building on some well-recognized work of 
Griliches, Mansfield, aiwi^enasi^ in explaining gross national prod- 
uct over time as a function of, inter alia , a variable measuring dis- 
embodied technological change; this study introdujces a flexible, 
distributed lag formulation oi-^^&D-ejSpi^ditures-; The model was esti- 
mated using various specific iffg\^fonnulati6ns. While the ap^prdach 
showed promise, there were su ffiik ent Jiscrepaiicies between the^ 
MATHEMATICA tesiilts and those of other 'studies regarding economics of 
.scale that the results, were judged, questionable. 

The second research study is a microeconomic analysis ol eff i- 
cieri'cy conditions in information dissemination-. Insofar as, th^ analy- 
sis posits a fixed "amount of government subsidy available for all 
dissemiriatipn channels, the research does tiiot aid in finding the bene- 
. fits of such dissemination. The iresults of the analysis are expressed 
as the usual economic ''marginal" characterization of ""optimality . A 
number of t^heoretically interesting cases^are analy^ze^ and discussed. 
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. The third study follows the lines pioneered by Lancaster in his 
"A New Approach to Consumer Theory" (Lancaster, 1966) in which com- 
modities are characterized by a vector of characteristics. While the 
approach is spelled out clearly, the empirical problems of demand es- 
timation remain. The model appears applicable to the design of new 
information channels, but adds little fo the resolution of benefit ^ 

estimation problems- 

The final studjcdeals with the economics of 6,0 sector unbalanced 
growtl^.' It is s'hown that the nontechnologicaiy progressive service 
■sector will demand ever increasing labor supplies in the coming years. 
Such resulta'kre shown to be applicable to cost forecasting for infor- 
mation services. . The model is seen as providing input data for use in 
the'potentia( application of the second and third studies. 

- A.D.J. Flowerdew and C.M.E. Whitehead provide a critical survey 
^f economists' forays' into the information science field in "Cost- 
Effectiveness, and Cost-Benefit Analysis in Information Sciences" 
(Flow4rdew, 1974).. For our purposes, the ^ost interesting conclusion 
was as follows :(}-"Despite much interesting work, no really satisfactory 
' cost-bdnef it study has^yet been carried out... .no inveatigations have ^ 
really faced ui tj the problem of assessing the value of extra infor- 
mation. to a finn.'or to soc iety . . . .J' 

Flowerdew and Whitehead provide' a fairly complete discussion of 
, the principles, applications, -and problems of cost-effectiveness and 
Vost-benefit analyses -in infon^ion science.- As economists, they are 
Critical of imp^l^er costing techniques which pervade the information 
literature. They take care, to point out the important classes of prob- 
lems economists can fruitfully attack, knd outline the approaches and 

data relevant to'^each problem. - j 

The "Report of the Panel- on Economics, of the S,c'ience Information 
bouncil" (Danilov, 1973) is a re;ativelx.'nontechnical overview cTf the 
principles, problems, and approaches of econo^/c analysis (particularly 
i cost-benefit and cost-effectiveness) as applied to th^^onnatlon,.-. 
science field. For our purposes, their main concliisio|<is : "Though . 
it ina> in -^ri instances be possible to get objective- #easureV of bene- 



fits, or lower bounds* -to them, in most cases the ultimate judgment of 
value will have to come from thes^ltitude of users or purchasers of 
the services: these will usually have more expert and firsthand ta^wl- 

edge of the benefits "delivered than anyone else " The authors feel 

the most useful sources of quantitative information on a«enef it values 
are "market responses" and "investment of time by individual users." 

There are many more general rel^erences to the economics of infor- 
mation. These were discussed in the pjroposal under the classifieations: 
risk analysis, search behavior, market ' signals , advertising, research 
and development, demand analysis, pricing policy^ and cost analysis. 
The discussion will not be repeated here; ,liowever, "specific references 
to these ^pics are inq^ed in the bibliography for completeness. 
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FINANCING OF lAC'S 

one of the fund^ental questions concerning lAC-s Is »hether they 
should he completely puhlicly supported, i.e.. suhsidl.ed hy puhllc 
funds, or completely privately funded. T»o Informative papers on this 
suhject which present somewhat different -viewpoints, vere reviewed 

■ The first paper. "Fundamental Aspects of the Financing of Infor- 
^tion centers" (Schwuchow. 1973) . provides a concise statement of the 
hasic question and offers some answers to these prohlems. Five ,qu«- 
tlons are presented with a short discussion .of each. Briefly, these 
questions are (1) should puhlic or private funds he used to finance, 
information centers. (2) can centers he operated on a profit maWng 
hasls. (3) should centers he financed fro. general tax revenue or from 
user fees. (« should fees he hased ,pn costs. an<»(3, what practica 
forms Should fees take. In answering these questions the - 
that these centers will hy their nature he primarily puhlidy financed 
(hut that private financial res6urces should he used wherever possi- 
hle). that m certain information sectors the mar^t place mechanism ^ 
is uleful and desirahle. and that user fees (with some limitations and 
exceptions) a.e appropriate. . However', he considers the level of ees, 
CO he quite controversial and so presents the pro and con arguments . 
for cost recovery through user fees. In addition, he outlines the 
principles to be used in formulating a fee policy. Some of the possi- 
ble forms of user charges for the different services provided, hy an 
information center are presented. ^ 

A paper which offers a different perspective is "IAC s and the 
private sector" (Horton; 1972) . because of '^ ^"^ ^^^Zrl^ 
private sector ta expanding information needs during and after WW II. 
the feder£i:.gov2„ment hecame involved in funding of information pro-. 

rams. H^wfver; in th. authofs Opinion, the private sector has made 
much progr^^m recent years in this area and now has real contrihu- 
tion* to make, 1^ the field of information. This presentation brings 
out some of the issues facing\he private sector In deciding- on the , 
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feasibility of^an IAC-type\inf ormation service, whether with or 
without govemxnent support. TIfese issues are presented in the foinn 
of seven questions with discussion of the pertinent aspects of each 
question. The author concludes that the private sector is qualified 
to work with lAC's in the development of cost-ef fectiye and widely 
useful information services and that the private sector is probably in 
a unique position with regard to answering the seven questions pre- 
sented in the paper. These areas are estimating market size, evalu- 
atirig the need for customer education, estimating all probable start- 
up and ongoing expenses, obtaining and applying user feedback, identi- 
fying and making risk investments in development and publications of 
useful byproducts, applying cost reduction techniques, and developing 
maximum penetration of the market given that protection from unfair^ 
competition is provided. 




COST ACCOUNTING FOR lAC'S 

• * • 

Since operating costs must be well defined before realistic cost 
i^ecovery systems can be implemented, the literatjjjre-was reviewed for. 
papers concerning cost accounting systems for information services. 
A good overview paper in this .area is "The practice of Charging Users 
for information Services: AState-of-the-Art Report". (Penner, 1970). . 
The author performed an extensive review of the literature to identify 
actual operating cost, accounting systems that charge users for services, 
the attitudes cf users toward being charged fbr information services, 
and the degree of concern about cost-accounting for information centers. 
In these areas there was a scarcity of articles on actual operating 
' systems (although their desirability was frequently mentioned) , a gen- 
eral resistance to paying for information, and a scarcity of information 
on cost accounting for information services. Some data on costs of 
unit operations were collected and are presented, but the author feels 
that arriving at realistic cost figures is risky because of the "unique" 
aspect^ of each system described, and the lack of standardized defini- 
tions of terms such as "input costs", "searching", and "abstracting". 

The conclusions drawn concerning the lack of information on the 
practice of charging users for information services were that (1) pay- 
ing for information was no't commonly accepted by society, (2) charges 
must be based on realistic costs and the methods for arriving at these 
costs were still primitive and (3) if centers did cost-account and did > 
charge, they didn't write about it. The author perceived that the ; 
evasive attitude t;dward costs was changing^ at least in large operating 

-\ . ^ 

systems. I ' „ 

A paper which goes into . some detail to>xplain an approach to de- 
termining the costs of an information center- is "Real Co'sts for Infor- 
matiop Managers" (Price, 1973)-- The operational system described, a 
building bjlock cost analysis, is based on the premises that (1) the ■ 
most effective display of information systems costs Is in terms of unit 
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costs and (2) unit jiosts are only meaningful in a framework which 
includes all costs of the system. * " 

■The basic approach to building block cost analysis Is to Iden-f, 
tlfy the activities of the information system such as general co3ts, 
ad hoc efforts, inputs, outputs, and collateral services. For eadh 
of these activities the classes of charges are itemized (e.g., direct 
labor, fringe, computer usage, other direct costs) to determine the 
total direct costs. /Ipor these costs which cannot be directly asso- 
ciated with production, some realistic method of allocation is used. 
The result is a detailed breakdown by activities and function of the 
unit costs for each operation in the information system, which pro- 
vide$ the decision maker meaningful information concerning control 
and reduction of costs and possible service charges for users. 

The problems of obtaining cost information in a tecl^ical in- 
formation center are addressed in "Managerial Cost Accouritfng for a 
Technical Information Center" (Helmkamp, 1968). This Ph.D. thesis is. 
concerned specifically with a NASA Regional Dissemination Cfinter* 
This center which. provided two basic services, retrospective search 
and selective dissemination, had the objective to operate as a self- 
supporting entity. Thus the need for relevant cost information was as 
vital as in any business firm. 

The approach to the problem of providing cost information con- . 
sisted of two steps. First, a formal managerial cost accounting 
system was designed expressly for: the two information services. This 
system was then implemetitjed for a trial period to test its effective- 
ness. The data developed from this^ system can then be used in the 
sr:.tistical cost control model developed as the second step in provid- 
ing reliable and . relevant cost .information. Tlie statistical cost sys- 
tem is founded on the- theory of statistical quality controi^nd permits 
management by exception. A random sample gf. five searches 1^ selected 
each month for each service and the direct costs associated with each 
search are recorded*?^ The mean and range of each sample are then com- 
p^red^ith representative values to test the null hypothesis that" the 
direct unit " search casts are in control. — " 



The major conclusions 61 this study are that ^>bjective manager- 
ial cost accounting practices such as those developed in the preceding 
chapters are both possible and essential in the operation, of a tech- 
nical information center," 
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ST RECOVERY AND USER CHARGES 'FOR lAC'S 



Several interesting papers were reviewed in the area of cost 
recovery and user service charges. Thi© is ah area of considerable 
interest, especially for lAC managers, because of the concern over 
discouraging information transfer through the imposition of user 
service charges'. • , . 

The first article, "Information Analysis Centers - Dob Policy 
on Cost ^Recovery" (Christensen, 1972) , reviews the DoD policy regard- 
ing ^rvice charges for lAd products and the concern which prompted , 
this policy, i.e., that the benefits from some DoD lAC's were not com- 
mensurate with the qpst ofixthe lAC. The benefits of lAC's have been • 
difficult to measure and because these benefits must be established 
if viable information activities are to be maintained, service charges 
were selected as a mechanism of demonstrating these benefits to policy 
makers for resource decisions. The possibility of adverse effects on 
DoD R&D programs is recognized and therefore the effects of service 
charges on lAC's are being closely monitored. In addition, the author 
points out that service charges are a means of ^hich more DoD lAC's 
can be opened for use by the general public. 

Another presentation in this airea,. "DoD Policy on Cost Recovery 
as Viewed from an Information Analysis Center" (Veazie, 1972) , is an" ; 
overview of the problem faced by DoD lAC/s in implementing the DoD 
policy on cost recovery. Some of the objections to this policy are the 
effect on relationships between the lAC and its users (especially tliose 
beneficial to the lAC) , the reduced utilization of an lAC after insti- 
' trution of service charges, and the induced tim^ lag between compilation 
of data and its availability to users (presumably due to more paper-, 
work and procedures) . The efforts made by fePIC (Electronic Properties 
Information Center) to recover costs through user charges are presented. 

The main purpose of the atticle, however, is to present a plan by 
which lAp's can make DoD 's cost recovery policy work and still xnaintairi 
the lAC as^a national resource. The basic premise of the plan is that 
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a marketing group be included as an Integral part of the DoD-IAC 
network. This marketing organization would have responsibility for 
"market research." The author feels that the implementation of such 
a plan can "...retain the'lAC network and publish products that sell / 
because they are beneficial to the customer ' / 
' A pragmatic approach to the prbblem of determining what users \ 
should be charged for information services is taken in "Costing Infor-,^ 
mation Services"- (Lut2, 1971) • In his opinion, basing user charges on 
estimates of user benefits is not profitable and therefore, .user 
charges should be based on costs of services provided, since charges 
based 6n costs would be easier to develop, understand, and evaluate. 
Starting with this assumption, the author then examines four different 
types of user charge systems, discussing .the advantages - and disadvan- 
tages' of each. For any user charge system selected, the decision of 
what costs are to be recovered Tnust also be made. Four levels of cost 
recovery, from the full cos't pricing to minimum value pricing, are 
outlined with an example of each, using cost figures for an operational 
information center. Finally, the author presente**i«ht steps for 
implementing the cost analysis and user charge system. ■ / 



MARKETING OF lAC PRODUCTS AND . SERVICES 

Because of the requirement for some federally supported lAC's to 
-recover a 'significant portion of their operating costs, the marketing 
aspects of the products and services of IAC*s have received increased 
attention. In the paper, "Marketing the Products and Services of 
Information Analysis Centers" (Roch, 1972), "the problems of production, 
publication, technology and marketing' are explored. William Roch 
identifies the marketing challenge for lAC's as being. . ."to identify 
and reach the group of potential users even where this group is of 
a narrow scientific or technical discipline." Other problems are . 
created by the acceptability criteria of economy, timeliness and qua!-' 
ity. His concluiion concerning the market value of evaluated data 
compilations is th^t the information is valued by users at only slight- 
ly above the distribution cost level. He also identifies e^^amples of 
user oriented data products, their characterisl^s,' and traditional 
publishers of these data products. 

Another paper in the same area, "The Marketing of Information 
Analysis Center Products and Services" (Veazie, 1971), examines the 
need for national guidelines on lAC service charges and the factors 
that determine what products and services are Saleable and what could 
be charged for them.. He outlines four different objectives of lAC's; 
the advantages of using an lAC; the variables that affect lAC operation 
the objectives, advantages, and disadvantages of service charges; vari- 
ables affecting guidelines for marketing; factors influencing demand 
for lAC products and services; distribution channels for these products 
and services, and the. problems involved in the measurement of benefits. 
. Two case studies of lAC's which have implemented service charges are 
presented. In addition, a survey of federally sponsored lAC's concern- 
ing attitudes of their managers to marketing^products and services was 
performed. The results indicate that most managers feel that service 
charges would interfere with or reduce the effectiveness of their ser- 
vice. ' , , 



A third paper in the area of marketing is "PLASTEC Reports Sell- 
ing Through National. Technical Information Service " (Pebly, 1972)., 
This paper reviews the sale of reports of an lAC through NTIS over a 
two year period. The sale of publications by the Plastic, Technical 
Evaluation Center (PLASTEC) ^as first, considered when it was recognized 
that DoD was moving in the di^ion of cost recovep. The development 
of the arrangement with NTIS and the results of sales on several re- 
ports a^e reviewed. -Although sales of PLASTEC reports have been gen- 
erally good, the total distribution of PLASTEC reports'^was appreciably 
less than beforev-free distribution was stopped. This article provides 
some, good insight into the type of problems encountered in marketing 
the products of lAC's. . ' 
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USER APPRAISAL OF lAC PERFORMANCE AND USER NEEDS STUDIES 

c 

The report, "User Appraisal and Cost Analysis of the Aerospace 
Materials Information Center" (Scheffler, 1970), is an evaluative 
study of the- performance of the AMIC document retrieval system in 
terms of its ability to meet the information needs of the users and 
the variations in operating costs over a period of time. The degree 
of user satisfaction was estimated using an evaluation questionnaire 
mailed to. over 340 past users of AMIC (twenty-niae telephone contacts 
were made initially to check oVit the questionnaire) .- This special 
questionnaire, different from the search evaluation form routinely 
sent with each reply /o- an inquiry, was designed to. identify user' / 
characteristics (org^zation, type of work, subject area of work), 
satisfaction with information obtained from AMIC' (speed, pertrtnence) , 
other sources of information used, and suggestions for improvement ofV.j 
AMIC service. There was no 'attempt to determine perceived tenefitafon^ 
the part of the users. There is some quantitative- attempt at. b^f it 
estimation on the search evaluation form sent out with each rept/to 
an inquiry, bJt the responses to this- particular^^stion are of. lim- 
ited value in the opinion of the authors - 

^Because of the.dif f iculty of quantifying benefits to users, the 
oAly economic data presented are historical operating cost data which 
reiate to the efficiency of systems operation. 

Although this report does not attempt to estimate benefits of 
users, it is useful in terms of identifying user characteristics and 
user satisfaction with the products and serv'ices of -an lAC, and provid- 
ing some cost data o'n operating a typical DoB lAC. • ^ 

A Ph.D. thesis which examines the degree of use of lAC's is "Use 
of Federally Supported Information Analysis Centers by Special Librar- 
ies in Large Companies" (Sternberg, 1971).'" The objectives of the study 
were to determine the extent of use of lAC's and to establish the per-, 
centage of- user and nonuser libraries, the profile cf user and nonuser 
libraries, the reasons for using or- not using the centers, the'ratings 



137 l£3 



of .h. services of each center, and the effect on the libraries, .^^-^^ 

■ ■ . ■ - 

result. 'of using the centers. • ' 

The study was conducted using a lengthy questionnaire sent ta . ^ , 
the libraries in the top 100 companies in the "Fortune Directory of 
the Largest Industrial Corporations."' The total number of libraries 
surveyed was 548. of which 386 responded. Of. these. 386 respondents, 
94 used lAC's and 29 of the 9A felt that the use of the lAC's saved 
their library money. Otl^er results of the survey were that many li- • 
brarians (46%) encourage their patrons .to use lAC's, that the great 
^ majority (80%) consider aAC' s another resource tool and that <he reason 
given most often for using an lAC was the availability of supplementary 
services. A significant number of libraries were not ■ aware of ^he 
existence of lAC's." an indication that lAC's need to do a better job . . 
of advertising their services. , 

As a result of .this study, thd author r.akes s'everal , reco™aendations 
(both tS ■ubr,«es""a;d,IAC's) inc^ding (l)' Bore li*r#ians in special 
■libraries in large companies should.use lAC's. (2J both s»all anS large 
.pici^l libraries should take advantage of feC; services. (3) lAC s 
should advertise to reach libraries that 'are nOr a»are of .lAC s, 
. lAC's should adopt programs to educate these libraries that do Icnow . 
. about lAC's but donH,use th«n, (5) lAC'^ should ^continue to P-^"^ 

state-of-the-art revievfe and other unV,ue publications, (6) lAC's should 
"-i„prove their services- s^i , their users vill be bet«r satisfied, (7 a 
liaison should be provided between 'lAC's and special libraries, and (8) 
a set of guidelines to foster use of lAC's should be adopted by both 

librarians and lAC's. , ~ ■ 

A recently completed study vhlch examines the utilisation of lAC s 
is ■■scientific and Technical, lnff>r«ation. Needs cf Users or Potential 
users of the DSA AdministeredMoD InJonnation Analysis Centers (Corri- 
dore • 1976) . The Defense Supply Agency (DSA) serves as administrative 
manager for eight DoD-sponsored lAC's. and is responsible for providing 
program guidance to these lAC'.. ,To,i^ure that this program guidance 
is effective, DSA obtained feedback fi<|r. Defense , scientis^ts and engi- 
• neersby the use of tvo separate but ./elated surveys. Th. first as- 
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' ses^d the . asets '" l^el of sat isfStion -.while the "second; determined 
' . . : }' users ' sci^tific and .technical Information needs*. This report de- 
scribes the results of both these surveys, 
' . The survey to determine the -levei of user satisfaction' was dis- 
tributed to 27 of the leading DoD/RDT&E laboratories/activities en- 
gaged .in R&D effort withljiJthe^IAC*s-ar|eas of technology. ■ Of the 19 
laboratories that, responded, .95% were-^tisfied with the technical 
fields covered by lAC's, 93% were satisfied: with the products and - 
' ' services offered by the lAC'svbut a sign: ^icant percentage (69%) were. 

either completely unaware or only partial-/ aware of the existence of 
• lAC's. As a result of this last finding, several actions have been 
-^Ij^ . taken to increase the awareness of lAC's among DoD scientists and - 
engineers. The^e include briefings to selected laboratories, . 
• tribution of <,a User Guide for lAC's to approximately" 30,000 Defense - 

scientists and engineers ,' announcements in DDC's Technical Abstract . 
Bulletin, promotional mailings to selected individuals/organizations, 
and identification of and contact with potential lAC users. 

The, User Needs Survey was conducted among 949 personnel at 51 
major DoD R&D activities to identify specific, job-related scientific 
and technical information needs of Defense scientists and engineers. 
Of the -51 activities addressed, 47 responded with 703 questionnaires. 
Some of the principal findings were tha): -(1) 72% of all respondents- 
experience difficialty in locating, obtaining and using scientifi&^and 
technical Information, (2) 24% of the respondent '-s^ time is spent in 
locating,, obtaining and using this information, and (3) respondents 
-generally need more facts,, data, findings or constants t.han other types 
•of information. Bised on the findings of this survey, the following 
conclusions and recommendations . are presented . ' 

(1) -DSA should increase the scopes of lAC.'^ and direct them -to- 
produce handbooks, databooks, and state-otf-the-art.^eports , 
• (2) the most . important products or services that- can be offered 
by I AC'S are handbooks and databooks, " - . 

■ (3) DoD scientists and engine|rs have a great need for summary 

type scientific and technical information, 

■ ■ ■■: . , ....... ..^ ■ ■. • ^ •■ • ■• ■ • 
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-. (4) .by in<:reas^ing tj:eir scopes.; DSA lAC^s c^^ satisfy approxl^te- ' 
ly AOz' af- the information needs identifted in" the study and. . 
• ' (5) IAC»s .coiiectively appear to^ be uaderutiliziad whith apparently 
stems from a lack of awareness of the existence of lAC'-s. 
Another, study which examines the information needs, of scientists 
and engineers is "User Su^ey Repor^" (Maddock, 1976) . This study - was 
performed for the .Defense Documentation Center (DDC) by Auerbach Asso- 
ciates to (1) identify and document the scientific and technical infor- 
mation ' (S&TI) needs and management information needs for the DoD Re- 
search, De^.elopment , Test, and Evaluation community, and (2) to identify 
user problems associated with the " acquisition ot Sm/RDT&E management 
information provided by DDC or other government or nongovernment sources 

A total of 100 organizations were surveyed (25 in each of four 
ckte ries) witljjtwenty staff members ' selected randomly, from each orga- 
nization. A total of 698 interviews were successfully completed. 

The principal findings of Ws.study ar* (1) local" libraries are 
the primary formal source of infot^tiSn while "distant" libraries are 
preferred by a very sinall minority, (2) technical rep^ts^are preferred 
to other formats for information presentation,. (3) printed media are 
preferred to computer printouts and microforms. (4) users wili not pay 
for information services unless the quality of service is substantially 
improved and targeted toward their precise needs, (5) increases beyond, 
the current level of response, time are unacceptable, and (6). support . 
personnel reported, a significantly higher rate pf lAC unitization than . 
bepch level or manageinent personnel^ but total I AC usage is low.. - . 
- ' ^ iTa result of this study, two of the conclusions and recomaenda- 
tions presented ire:"^ (1) DDC should move, from a position of prdviying 
only bibliographic, docun^^nt-oriented service to the provision, of fact 
.W informatio.n servic/as well, and (2) improved access t^ IAC's by 
bench. level personnel is required. ; 
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^ . DESCRIPTION OF lAC'S 



A paper which describes the organization and operatioh a group 

of lAC's is "The Information Center Complex at Oak Ridge National Lab- 

oratory Bibliographic Information Services for ERDA Activiti#!'; (Ulrik- 

son, 1975). The ICC, established in 1971, provides ORNL/ ERI)A, and 

other government agencies with information in several areas^including^ 

'.-,-'*' * 
energy, human health, envixonmentaL; impact ^radiation, trace contami- 

■ •■ . • '■'.'< 
nants, land use and' planning^ and ecosystems remodeling and .analysis. 

The .major types of -services supplied by; ICC are. biblipgfaphic 
references, directories of researchers, inventories of curr^t research 
projects, factual information, numerical data, organization of collected 
material, and assessment of information. The paper provides^a descrip- 
\on of each of these services including the types' of information in- 
cluded and the ways in which these services can be utilized, Tn addi- , 
tion, vthe organization components of ^he ICC are described in terms of 
their areas of expertise, and the specific services arid products: 
offered. Of the thirteen components of ICC, five are identified as 
IAC*s in the 1974 Directory of Federally Supported Information Analysis , 
Centers. , 

Another p.aper which provides -a description, of the organization ;and- ^ 
operation of an lAC is "Data Availability and the Role of' the EROS Data 
Center" (Watson, 1975) . The ^rth Resources (EROS) Dat^ Center was 
established in 1972 to serve as. a *prime dissemination sSurce of LANDSAT 
and other remotely sensed, data^'-^an^- information. 

The centerj provides dat.a^ both in the form of photographic images 
and in the form of digital data on computer compatible tables (CCT's), 

and services.^n the form of domestic and international training, prep- 

~ . -r " ■ -'^ 
aration of education aids, the conduct and documentation of applications 
■u ^ ' ■ ' u - . . 

demonstration pro j^^rt^, and application assistance in the* use of spe— 

clallzed an'alysis equipment. ' . 



This paper describes the history of the EROS Data Center, some of 
the specific prodircts ^nd services available, the. typ^s of customers': 
utilizing the center, and the volume arid* trends of safes over the p'ast 
several years. In addition, the procedure for obtaini^jg dari from 
the center is outlin'ed, 
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y?" : CONCLUSIONS . , . . ' 

As Is evident from »this literature review, little of the available 
literature is concerned with .quantification of benefits of lAC's and . 
their services. Although the benefits, are^ perceived as significant, \ 
- the. progress toward realist .w estimation of these benefits has been 
minimal- In general, the available literature tends to concentrate on 
the services provided by lAC's and the costs of providing these services* 
The literature which does disc :ss use of lAC services is case sp^ific 
and thus does not of f er much useful data for . the development or testing 
of a cost-benefit methodology for lAG's* v:^ 
Another conclusion which seems apparent from this literature survey 
is that a low level of awareness among potential. lAC users. is a continu- 
ing problem, at least for i)oD lAC's and likel^for other IAC's>s well. 
Thus, the potential benefits could be much larger than current benefits 
simply because so, many potential* lAC users are not aware of .lAC products 
and services. For those users ^Ao are aware of lAC products and services 
the^ overwhelming majority of those surveyed are sat^^ed with the ay ail- 
able services. ■ . 
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- GLOSSARY OF TERMS 



This glossary defines major terms frequently employed in cost analysis, >n ' 
cost-benefit analysis and in connection with information analysis centers 
as they will be used in this study. 

ALTEIINATIVE COST: See' "opportunity cost". '-'^ . 

COMPETITIVE MODEL i An ■ abstract '^el of . a market economy which satisfies 
certain well-defined assumptions. It is the basic model of econcjmic analysis. 
Economists have shown that an actual economy pattfemed after the competitive 
model will make the most efficient use of resources and. make. society asjrcll 
off as possible (according to the Pareto criterion*). If certain assumptions 
are made in addition. to those characterizing the competitive model, it can^be; 
shown that observable market, prices equal the shadow prices*of the economy s 
goods and' services. " ;; ^ ... 

C(M1PENSATING VARIATION: In considering .movement from one economic state* to 
another, the maximum amount of money the iiidividual .would be willing to pay 
to make the move (if he favors the move) , or the minimum amount he would ^ 
accept^ as compensation for making the move (if he does not favor the move). 

CONSUMER'S SURPLUS: The differe^e between what, a consumer would be willing 
to pay for some good and the price of that good. Measures of consumer ^ . ■ 
surplus are derived from the consumer's demand curve, and are widely used 
in cost-benefit analysis when the project -being investigated will cause a 
' significant price change in some good. Consumer S surplus is an approxima- 
tion to .the more technically proper -compensating variation. 

COST: , What must be given up to acquire or achieve something. Costs, ^o 
individuals are often different than costs to' society. > This occurs when 
transfer payments* or externalities* are involved. Examples: Buying a used 
car is a cost to an individual but is not -cost :to society, since the transaction 
represents a transfer payment* Operating a car is a greater cost, society 
than to an individual, since, pollution. is created. This is anexternal 

diseconomy. ' . * . »• --. 

COST-BENEFIT ANALYSIS (CBA) : A systematic evaluation of a project to; deter- 
mine whether, and to what extenVits social benefits outweight its social 

■ costs; a t'so, the various techniquesvused to perform the evaluation, such . 

^ . as' shadow pricing*^nd dfscounting. : ;CBA.- draws heav^Jy on - the excepts and 
met'hods of economics • ' • '- > ' ' ; ' . 

COST-EmlCTIVENESS ANALYSIS >(CEA) : A systematic evaluation of alternative 
approaches to achieving a specified goal;' -The object Is. tcselect the least 
cost approach. CEA is most Qseful when' the ^benefits a.e not readily and 
meaningfully translated into dollar amounts. ^ ^ 
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"tOST RECOVERY: The policy instituted by the Federal government whereby y • 
8^ Federally supported. lAC's* are required to charge for their |«:oduct^ _ . 
^rservices Jkere the users can reasonably be expected to pay for t;hese ^ 
products and. services-. The term "full co^f recovery^ normally means the 
?I^very of all direct and_. indirect costs; h.ovever , it^is; sometimes .loosely 
used by lAC managers and others to mean the recovery of only marginal, costs. . - 

CRIXICAL DATA: Data which have^ been reviewed try knowledgeable researchers ^and" . 
arr.judged to be reliable, i.e., that data which may be used with confidence .. 
in planning experiments,, reducing results, .and. interpretxng phenomena 
(Garvin, 1970). . /' / "^ ^ 

DEMAND: The schedule of the various quantities of sc^e good which will be ; ■ 
purchased at -various prices during a , specified period of time. . The concept , , ... 
mav refer to an individual good or to the sum of all individual goods - the markfet. 
Demand schedules may* be represented_ in tabular, graphic , or- equation form. ; . , 

DETERftlNANT OUTPUT: The products and services of an lAC whose ' content is , , ^ 
determined by the IAC;*for example, da-ta cqmpilatidns, etate-of-the-art 
. and survey reports, handbooks, ^etc. , whicly are directed by the lAC mission . 

• ordiscipline.CVeazie, 1972).. See. "reactive output - 

' DIRECT- COSTS: Costs tha.t^re specifically traceable to or caused by the W- . ■. _ 
production of a -product or provision of a -P^^y^ 
labor and materials used in producing a product or servxce (Anthony, 1970). . ■ 

DIRECT EFFECTS: Increased real value of output or real cost associated with . : - 
a project. •.' 

•.discount' RATE: Given some benefit (or loss) which will be^incuxred at 
-some specified date in the future, the number which, when the. •futute benefit 
. (or losJ) is' discounted by that - amount, makes that- benefit (or loss) comp.arable 
t^^W incurred In .the present. The number is usually specified as an .annual 
rate Example: ' Suppose $iOQ is expected to be received xmmed lately. If 
\ the disS rate is 10%, 10% x $100 = $10 means the $100 gain now is comparable 
to $110 in one year. .. ^ . ' 

ECONOMIC STATE (OF AFFAIRS):. The distribution of utility, or satisfaction, / 

among the memTsers of society. . \ 

.-. 

EFFICIENCY: A characteristic of a'part, or the whole, of an economic system- 
Efficiency prevails when, for a given amount of input, the greatest' possible 
' output is produced.' Alternatively, efficiency prevails when, for a given 
amount of outjjut, the least possible input is used to produce it , . 

* ■ ■ " ■ ■ ■ ■ ''^ 

ELASTICITY: A measure of the responsiveness of quantit- to price along 
demand or suppl;/ curves. It is defined as the p^rcer ■.■■■r change in quantity 
.'divided by percentage change in price . . • 

EQUILIBRIUM: A state of balance between opposing forces An economic . 
equilibrium is a situation which is gravitated towards and ,. once achieved . 

• remains. The most common application is market equilibrium, wherein the;. — 



EQUILIBRIUM (continued) . ^ .-.^.u ^ 

forces of supply and demand drive the market price to an equilibrium. At 
equilibrium, the price tends to remain constant unless disturbed by new 
fprces • .. ' 

EQUITY: The "fairness" of the distribution of income, or utility, in an 
economic system. Since the concept .inherently involves value judgements, 
there are no acceptable universal .q^ntitative measures. Ordinarily, in - 
CBA,*the decision xs^ker,. when presented all the evidence, must, subjectively . 
determine whether reasonable equity standards ^re. satisfied . . . 

EXTERNAL EFFECTS: See "externality." . 

•EXTERNALITY: A factor which causes an individual or firm to become better 
or worse off, but over which that individual or firm has no control,- and 
for which that individual or firm can' be charged no fee, (in the case of 
an external economy) or can exact no compensation (in the case of an external 
diseconomy). Pollution is an 6ft cited external" -diseconomy • = 

FIXED COSTS: See "nonvariable tbsts"^ 

FULL COST: The sum of all direct and indirect costs; total cost; the "full 
cost price" of a product or service is based ^n all direct costs for that 
product and service and an allocated share or fhe indirect costs (Anthony , - 1970; • 

FULL COST RECOVERY: See "cost recovery". 

IMPERFECT COMPETITION: A term characterizing a- market which is not perfectly 
competitive, such as monppoly,* oligopoly , or monopolistic competition. 

INCOMMENSURABLE:. A gain or loss which, while easily quantified in its own 
dimensions, is not readily translated into monetary terms. The. classic 
.•example is the loss of human life. , Number of lives lost is (usually) 
ily determined, but the associated monetary value- is elusive • 



eas 



Indirect costs: costs not ass6ciated directly Vith the. products produced or 
services provided. 'Some examples are rent, utiliti^ and tax|^ (Anthony, 1&7^>. 

INDIRECT EFFECTS:, The impact of a project on the, test of the economy. 
• Indirect or secondary benefits arfe a form' of . external benefits. — Their ' ^ 
"inclusion in cost-benefit analyses has been .subject to violent attack in 
recent years. ' The logic of counting these benefits should be carefully- 
constructed and justified in terms of the bbjectives of a project. 

INFORMATION ANALYSIS CENTER (lAC): f^f^^f^^f^^f ""J ^ 

unit specifically (but not necessarily exclusively) established for the purpose, 
-of !rnn1rina selecting' Storing., retrieving^, evaluating, analyzing, and syn-.. 
theri ing -bod^ of Sl^rmation^^nd/or data in a clearly defined specialized . 

?r-oL^whirS?ny ferverfcafemic users" and is therefore usually located . .^ 
in an academic environnient . k ^ ^ - - 
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vhjch to quantify ^/^.^^^S.^eisonal freedom, social Justice, 

in a cost-benefit analysis. . • 

MARCIKAL cost:, ihe chang. in. . =os. that results P^f^^^^^^ ; ^ 

extra unit of product or^serv. 4,^^^^^^ .. . „ 

and 101 units can be prpduced for $502, then the margxna 

unit^ is $2. (McCarthy, 1968). . • , 

„XSM= A^.«aote...ation^appl^u^ 

^^Z^^l^ tSus. econoMc decisions are oost often nade 
"at the margin" ? ' ^ - . '"■ 

. r'j^-i^Vi* '/k*>tp is only one firm selling a 

MONOPOLY: A market situation zn vAich there is on±y_ . 

product vith no close -substitutes- -Also,, the firm xtself, 

PRESENT value:' A single number Representing t^^^^^ of a future 
stream of benefits and cost discounted to the present 
NONVARIABLE COSTS: Costs which do not vary at all vith' volume; fixed 
costs (Anthony, 1970)- , 
• NORMATIVE ECONOMICS: See "welfare economics". _ - 

r ■ ■ ' ' ,n«/i "alremative cost . " \,The value of 'the 

OPPORTUNITY COST: Sometimes called ^^^ernatlve^co ^. _ , 

worse ofli^arf he would be in Statfe iwo applicable 

goin^ from sti^te to another . bee axs v , . S-'~>i " • - 

> PEa^ EXTERNALITIES. ^ The :financial effects ^^^^^^f ^^^1,^;^^^^ 

b^ah-^economy as ^edt through price changes for ^"^P^J^ °^^|^P^-3^ , they , 
.^fe7no.t generally'^iT.cluded among ^^^■^^"^^.J^^^^/g^oS^^d serv^ 
/I'dVnot reflect changes; in -real production o^ g^^^^ ^^^^ 
bften-^oul^lead to the double counting of project peneix . ^ 

-POSii^V^feo:oHICS:- that Janch of "-^f ^-^^f ^/e^Sf Sd^^^^^^ 



POTENTIAL PARETO CRITERION; This is a^«ecision criterion 'used in judging 
the superiority of an economic statSe. 3y this criterion. State One is 
judged socially superior to State Two if those who gain by the choice of 
one over two could compensate those -who lose such that, if compensation 
were paid, the final result would be .that no one. would bewors^e off* . TKis 
is the criterion most frequently used in cost-benefit analysis. 

PUBLIC GOOD: A good with two characteristics: . * 



i) Non-Rivalry in Consumption 
ii) Non-Excludability 



The first means that, at least up to some point, the consumption of the good 
by one person does not diminish the amqjant available to another person- 'The- 
second'^ means that, once provided, it is impractical, or impossible, to ' 
exclude anyone frdm consuming the good. Examples of public goods include 
bridges, parks, national defense, and disease control - 

REACTIVE OUTPUT: The, products and services of an IAC*produced in response to 
a spexrific request; for example simple .inquiry answering and bibliographic 
services (Veazie, 1972) - See^JidBterminant output". . " 

SCENARIO: An outline or synopsis 'indicating .scenes, characters, plot, etc.-^' 
This term has been adopted from theater use to" dramatize the need for 
establishing knd visualising clearly the detailed nature of a projec.t 
alternative- , • , - ' 

SECONDARY EFFECTS: See "indirect effects." , . 

SELECTIVE DISSEMINATION OF INFORMATION (SDI) : A type of current awareness , 
service which provides a user with notification of accession of new documents 
by title and/or abstract, based on the user's probable interest as evidenced 
by a match between a. list of descriptors for the document and his- f ield-of- 
interest register prof ile^ (list of descriptor^ characterizing his interests) 
(Weisman, 1972)- ^ , V 

SENSITIVITY ANALYSIS: Given some relation Q.- = F(P^, P^:, P^) , where • 

the P'^ are parameters, the determination of the responsiveness in Q to . 
changes in the parameters. .This is an important aspect of cost-benefit - .. / 
analysis, since values for s^ome parameters i&ust. often be crudely estimated* / 
This allows the analyst to determine how sensitive his conclusions are to 
his choices of parameter values* The sensitivity of Q to a <:iiange in P. from 
P^O to P^l JLs Sq/P^O - [(Q(Pi^)-Q(Pi^)/Q(Pi^)3^[(Pi^-PiO)/PiOK ' • 

• * ♦ »• • . ■ ■ ,• . 

SHADOW PRICE:' The true economic value of a good, as measured^by its ability 
to contribute to social well-being. The shadow price ill economics .is 
analogou^s^ to the dual variables of linear* programming. In a perfectly - . 
compet it i^ economy, market prices ^would ac<:urately reflect shadow prices.- 
Shadow prices are th^ proper valuations to employ in cost-benefit analysis . 

SOC^/ IMPACT ANALYSIS: The atttopt .to identify all the significant direct 
and ^direct effeSts^ pf a proposed actfon on man's economic, social, cul- 
tural, political, physical environment. The analysis attempts to assess 



■SOCIAL IMPACT ^ALYSIS . (continued) . , Throufeh the process of valua- 

the magnitude of each i^P^^/^l^"^^' ^3^^ as possible. .vhether\he 
tjlon, an atten.pt is aade to^determine . ^^^^^J^^J/^ ,^,,^tle or not . S.I .A. 
:Overall effect of the P^°P°f ^ : ^^^^WnJal Sects £an be circumvented. 



analysis, 



soae goal -or achieve some end. It represents 

SOCIAL RATE OF TIME PRE.EHE«CE= ^^l^^^^ , 

-hole ife willing 1.0 give up P^^f ' =°"f"^5tta must be appr«Uated. • ' 

tti:t„^eL^rc-J^s^^^^^^ 

analysis . ^ 

STATE-OE-xfe-AKt REVIEW: ' Vr^^^LrelgrafleTerelrS: t^^^^ 
: monograph - ^ - ^ 

' supply; The schedule of ^ srecffi^Hefifd ^"tL:^"!^: 

offered.for ^Jjj/J;^ "rglff i™- o"/ ^^^f Ll f?r»s-the market. 
■IS^rirsSd^ler.:; ?e""4i;=entea it., graphic, tabular, or e,ua,icn 
form- 

TECHNOLOGICAL EXTEH.ALITIES : Real "l^Z^l^.^^^^^^^^^ . 
changes for other units in ^ --"^JJ^'i^^^^; S priced^n'd are frequently 
represent changed -ff^^^^^J'^^tl^^^riy deluded in a cost-benefit 
^ incidental joint products. They a.cTionauj. y . 

> analysis- 

W.SPER parent: a shift in ^--^f- ^^rrrrerpori^finrrelr^^^ 
gover».e„t to some person £-^f =^ there is ^^__^_^P^^^ ^ansacti.n. 

rirlrrntr SectS" ; "aSnal LSme or.naticnal product ■ accounting 
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X^KIT^-: service: ^ A unit of t!bfn:f if st^^^^^^ 

service.- of an lAC* In terms o^ t of seJ^ice selecl-ed if the results 
be independent of the particular ^^^^/^^^^^^portant consideration is to 
are " be .considered valid Therefore i-po^^ . ^^^^^^^ ,e 

select, a unit which can be pricing studies where the 

The vnit of service is --^^-^^tl^J^,^^^^ to customers, 

focus is on expanding or output via p ^^^^ the price 

Thus, the unit of ^-^^^^ ^^ll^ll"^^^^^ price levels. . 

per unit of service can be readily measures a 



UNIT OF SERVICE (continued): '■ \ 

. ^ • >. . ' ■* ^ ^ 1 ' ' 

The units of. service defined below for particular proflucts and services a^re 

typical. These units of service are based on the asipumption that the quantity 
of information contained is approximately the same from issue to issue (e*g*, 
newsletters) or editipn tp edition * (e. g. , handbooks) . ; 

Inquiry Response SerMce - far- computer based literature searches, one 
""search of a data base^ot a given set of descriptors is one unit of 
service; for persorine]\jt:ii|^,. one man— hour is one unit of service 

; Hait^books and State-o"f-tniB--Art Reviews - one volume distributed to a 
" user is one unit of service 

Newsletter - one copy sent to a subscriber is one uitit of service, 

' * ■ ' ' • ■ . 

VALUE THEORY : . That branch of economics which deals with explaining and- 
predicting the values of goods, as such values are revealed in economic 
transactions ♦ Value theory is associated with supply-demand analysis and 
marginalism.* 

^ VARIABLE COSTS: Costs which vary directly with volume; direct labor, is an 
example (Anthony, 1970). 

WELFARE ECONOMICS: That branch of economics concerned with measuring and 
improving individual and social well-being. It is based' on explicitly stated 
value judgements, or criteria, by which economic states may be .compared. The 
Pareto criterion* is a widely used value judgiement in welfare economics- 

WILLINGNESS^TO-PAY : The widely accepted measure of the value some good to 
some individual. It is u^ed for estimating the value of certain types' of 
benefits, especially wher^ market prices are not available- 
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r-V. '. ' INTRODUCTION • . i: 

^- T^kis ,appendix^provides-'"a backj^^ discussion^ of the conditions' 
and- rationale for government supports or subsidy of what otherwise might 
be private sectors of the economy. The rationale for goVemment support, 
^uch as. government support of information analysis centers (lAC's), is -/ 
based on the existence of externalities, i.e. , cases in which sotia^" and 
private costs or. social and private benefits diverge. The discussion in 
this appendix is intended to explain and illustrate general situations 
that may help co.ncepLu&lize the economic issues facing lAC's. ^ 
^■^t The discussion proceeds in four steps ^ The next chapter includes an 
introduction- of the basic concepts of social) and private costs and ext^- 
nalities. Next, this chapter discusses and illustrates the relationship 
of. thBse basic concepts to the central idea of "externality". The chapter 
concludes with a "laundry list" of externality- inducing situations. .This 
list includes interdependencies between consumption and production, insti- 
tutionalized rules and procedures, risk, balance of payments, public goods, 
unemployment, scale effects, noncompetitive markets, and national security. 
The final chapter summarizes implications for IAC*'s of these discussions of 
government support for sectors of the economy. 
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Private and Social Costs and Benefits , 

A private cost is what the Individual (person, househ^d, or flm) 
aust give up to receive some good or service. A social cost is what ^society 
as a whole must give up so that the good or servicV will be received by. . ^ 
same individual. For most goods and services, the social and private casts . 
are identicar. For example, the individuaa .who purchases a suit of clothes 
far $100 gives up. $100 worth of other goods and services he . could have pur- , 
chased. Likewise, society as a^whole (und^r fairly general ;assumpti-ans) . 
gave up nOO worTh of other gois. and, services in order that that §100 suit 
could be made. Sometimes, however, social and private costs diverge, . The , 
individual who pays $500 for one year's worth .of bourse, at a state.^niver- 
- sity has. given up ?500 worth of ' other goods and services he^might .have^r- - 
chased. However." the year's worth of courses has cost society much more , 
(on average) than $500. since the st^te university is subsidized. The 
social cost of a state university education exceeds ^ private costs. 
Similar statements can be made atout private and^social benefits. For most 
goods and services they coincide, but for many thV do not. While the 
measure, or yardstick, for costs i_s what must be ^ u^. the measure of . 
benefits is willinsness-to-£ai Thus.~ while some individuals might be 
willing to pay $500 for a year of state university education, society as a 
whole might be willing to pay. say. $1,000 for a year's education for that 
person The $1,000 would include the $500 the individual would be wxlling 
• to pay plus very many small amounts other persons would be willing to pay . 
toward -that peWs education because they, feel, for any number of reasons, 
personally better off if that person becomes educated. They might feel, for 
■ example, that that person's education may make him less likely to -become a 
criminal, or to wind up on welfare rolls, or simply that his education will 
make him a more pleasant potential neighbor. Thus the socl^enefits of 
educatidn. as measur^^^^. society's willingness-to-pay. exceed the private . 



benefits. 



.r 

■ ■ 



Externalities 




/I 



When social and private e^osts, or social dndrprivate benefits diverge, 
we say that an 'externality, exists. - Ebctern^^ities' may arUsc^^^f^ numerous, 
and largely differentiated, circumstance^* When\an externality exists ^ and 
is Judged sigx^f leant, 'there Is good reason to suspect that the private , 
sector of th6 etonomy Is not providing the socially optimal amounts of . acme. - 
goods or servic^es in this case/ it is considered to be in the best 

Interests of socieiy that an appropriate correction of private activity be. 

■ ■ ■ - ' ^ . ' ■ ■ ( ■ ■ ■ - ■ ■ ---^ 

effectedrby the publlp sector-" . Typically, '^the correction can take two forms:. 

direct public intervention or indirect public: intervention.^ TJje former ^ ^ 

might be characterized by actual public prpvls'ion 6f( the g9od -^or.s 

of regulation of private producers.; wliile 'the ..latter by various financial 

lil^uciements' by government to t^ priyat^ sector ^€o encourage a modification 

of its production plans; With regard to education, the public sector's 

• 4- - ■ ■■ ^ . > • . 

intervetntion' has been ot* the direct Vvarlety: public education is "produced" 

: . - ' ■ ■ ■ ' 

directly by local ^nd state governments. A good example, of the indirect 

approach by government is the cg^ of Individual ^lome ownership- Society 
has decided that the. social benefits oi Iridlvidual home ownership exceed the^ 
private benefit (for reasons too lengthy to get into here)- To appropriately 
modify private sector behavior, the federal goveimment allows. interest ^pay- 
ments to be deducted from gross Income for tax purposes*. This reduces the* 
real cost (to the individual) of borrowing and thus reduces the real cost of 
home ownership. Some individuals who would not have otherwise purchased a 
home are now Induced to^o so - . ' . ' 

For the mathematically inclined; and for those unconvinced by the fore- 
going literary argument (the argument being that when social* or private costs 
"or benefits diverge, public intervention can imprjove overall welfare)^ a more 
rigorous argument is developed below. 



By socially opximal is meant that collection of goods %nd services which 
maximize the welfare of society, subject to the overall availability of 
resources- . ^ * / • 
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An-kconoinlc Model T llSstraCTon - . . . ,^ ■ 

• For stopUctty.. lei-US focus ioi a very 'simple ec«nomlc model. Our con- ^ 
elisions: the ieadar will find., are generariza>le to more complex' situations.- . 
The conclusions tie simply this: first, in the presence of externalities. 
■the pursuit ot lidividual self-lnteresc does not result in the best l,terests . 
of , society being observed (vis' a vis Adam Smith's famous ;-InvIsible hand . . ■ 
doctrine vhlch states that , usuaJiZ i»''ivld„als ' in pursuit of^: their own, self- 
ish int«ests. a*e led, as, if. by an invisible hand;, to; do vhaf ;ls,best.. for. - 
everyone)-? Second, it l^Pos-slble for goyern»ent a,ctlon. directly or- In- . 
directly, to appropriately modify individual behavior to be ixr accord v4th 

social objectives. . * > . 

Our model posits two Individuals. A and B.'each of -hom consumes only 
two goods. X, and X,. However, person A receives satisfaction, or utility 
not only from his own consumption of X, and X^. ig-t from B's consumption, of 
X^.. For example X, may' be landscaping and B's front yard dominates, the view , , 

from A's front porch. .... - - • 

We represent A' s utility function by ^ ' 

Where X the amoutrt -of X consumed by A, and so on. .. 

lA - - . 

B's utility function- is 

„e assume both A and B experience diminishing marginal utility in their con- 
sumption of X,-and X,. That is-., the-more units of e good consumed (per time 
period) the less satisfaction is gained from the marginal unit . Nonetheless 
we also assum-e that an addlkonal unit always confers some positive amount-^ 
of utility. More concisely, ^ ^ 



h^C- 7 o -j^ /ij 6"'; t 



(3) 



X 




Fis^(i'-1 illustrates the relevant concepts. ' Note, the upper figiire illus- 
trates -that more consumption always yields^more utility, but at a dj|ini.shing 
rate. The lower figure, derived from the upper, shows that extira (ol: mar- • 
glnan utility ftoo another unit of consumpUon- is a4^^ Positive, but thft 
Iftcrement decreases with increasing consuiiption. ^ch fi^ (C-la and C-lb) 
reflects conditions (3). ■ 

\ Economic'theory posits that each individual allpcates his given income 
•.among the alternative, goods available to him so that he maximizes his utility 

retting I. and I, .represent the money incomes of A and B-; and P2 the unit 

7 A ' B 

priced of and the problem faced by A is , 

Not^ that A' s control ^variables (written under "MAX^ exclude X^^: A has no 
control over the amount of X^ that B purchases, even; ^ough A's welfare de- 
pends on it. Necessary conditions f6r the solution of (4) are derived from 
the associated Lagrangian expression: \ ^ • : ] 



These CQpditions are 
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Figur/^C-lb. Marginal Utility vs. Quantity 
\ ... 4 Consumed 



Figure C-1. Total and Marginal Utilit| Functions "for One Good 



Dividing (5) by (6) , the Lagrangian -multiplier, » may be eliminated, 
as is done in (8). Conditions (7)" and (&.y characterize the optimal solution 
to (A),- A's self-interest problem. -Assume fhe solution to, (7) and (8) is 

^lA ^2A' ' . " . ■ ■ 

. In. like manner,' B's self-interest solution can be computed; It would 
be some values X-_ X-_ satisfying, in particular: 

>X,g ^ '_ P, ■ .l' . - ■ ' -(9) ■ 

Now let us consider the problem from a social welfaje point of view, v 
We define the social we^lfar^ function 

That is, society's l^vel of well-being depends on the /well-being of its 
memb€^rs» . » 



Le 

is. consis 



et ys investii^te whether the solution to the ^overall social problem y 

„ , lstent3it-h^.i;^T^ V 

The sociar welfare problem -is>^ * 

■ In words, find the amoSnts of X^^, X^-^, X^^, X^^l which socfiety can afford 
and which^ yield the greatest overall level "of welfare. .THe first order c^n^tions 

■* . .... 



(11) 



B 



Let .the solution to these conditions be 



.X* - r-x 
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Now "let us investigate whether X is consistent with X*, in particular 
focusing on X^^, the externality-inducing consumption of X^ by person B. 
First, to eliminate the Lagrangian multiplier, divide (10) by (11). yielding 

* Now, in comparing (12) with (9). the RHS (right hand side) of each is 
identical. , which means the solution tc^9) must make the LHS of (9). identical 



a2) 



tb LHS of (12). That is. 



^0 
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(13) 



In order for (12) to hold, some reflection ' indicates that 



(14) 



,6 / "IS 

This is because, as .stipulated in (3) , / ef-Acj _ 

Thus, to reduce the numefators on the RHS. X*:^^ must be increased beyond X^g_ ■ 

This is clear from Figure C-lb. The interpretation of (lA) is simply that. the. " 
socially optimal amount of X^ for person B to consume is in excess of whaf 
his personal -self-interest dictates'. This is intuitively ^uite reasonable: 
since B does not consider' the benefit that A derives ; from X^.^^ he provides 
less than would be provided if A's benefit were considered. '^The- social welfare 
approach considers both A's and B/s consumption ff j^^^ whereas, the self 
injcerest approach of B does not. ' ' - . - . 

• The conclusion we must draw is that if B were, directly or indirectly 

induced to increase his consumption of X^^ f rom -X^^ the overall level 

of social well-be^-ng would be' imprWed. 

This example, then, illustrates the general nature of an externality:- one 
party is affected by the decisions of another party, yet the latter party does 
not take the former into' account in making his decision. If the latter is 
somehow, induced to take proper account of the former, the ^externality is said 
to be internalized. Internalizing an externality leads to an overall increase, 
in social well-being. It is generally recognized (at. least among economists)' 
that it is government's responsibility to see that significant externalities 



become internalized. This is the eeonomic b^'sis for those instances of 
desirable government intervention in private decision-making. - 

Classes of Externalities " 

"as mentioned previously, externalities may arisb in a .number of ways; 
Following is a listing and discussion of*some of the major occasions f<?r 

externalities.. ^ ^ 

. Public Goods . A public good is any good (or service) with both . ' . _ / 

" '• ^ ' / 

these characteristics: ^ Z/^- 

'(a.) Non-Rivalry in Consumption. This means that some <^ 

person-' s consiamption of the good does not decrease y^./ 
- -s availability to anyone else. In order words, /J^'''"'^' 
"it is. physically possible for more than one person X y"'" 

^ to simultaneously get the full benefits of the good. // / 
(b.) Non-Excludability. This term means/that once-the 

good isprovided, it is difficult, or impossible t^ 
exclude any from freely consuming it. ^ 
The classic" example of public good is national defens4. It^/ clearly 
- non-rival since my consumption of national defense does not in any way diminish, 
"the amount of national defense available for others. Other examples of public 

goods are:." lighthouses, clean air, some larg^ parks or recreation areas, and 
^police services; 

'Public goods permit explicit recognition of th6 fact that some goods may 
at once be greatly demanded by consumers and yet not supplied by prpfit- ; . 
oriented firms. " This follows from non-excludability , si^ce the fp.rm which . . 
provided the good would have no way of exacting payment for -its consumption. 
Put another way', the, behefits of providing a public good are non-appropriable: 
Vthe firm producing the good cannot reap the benefits.- -.^This ,is in stark 
contrast to . the provision of a private good, such as bread. The firm may 
easily withhold the rights to a loaf of bread pending payment^ to .the firm 
l>y the demander of^ a specified sum of money. ^ ^ * 

Institutionalized Rules and Procedures . Principally with respect; to accepted 
accounting procedures and the tax system, externalities are built directly 
Into some circumstances. Several examples will illustrate the point. Suppose 
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that ten years ago a firm signed an agreement leasing off ice space for ^ 
$I,QOO for 20 years. Suppose the • firm is free to .sublease. If it ciesiresr-..^^ 
Suppose the current market value of the officTe space is $5v,000 per year, " ; 
and finally,' suppose the' firm's profits excluding,. the lease payments are 
$3,000 per year. The final profit-figure based 6b accxaunting procedures ^ 
would be $2,000; $3,000 le^s out-of-pocltet co-sts- of $1,000 tor ^rent. The . 
current value -of the space would never.be considered. The true. final profit ■ 
figure as determined .from economics, -is -$2,000. This is b'e<^use the firm • 
can shut down, sublease' the space for $5,000;- and -earn a profit of .$4, 000'. 
By choosing to ear- $2,000 instead of ^,000, the firm is really losing 
the difference: $2,000 per^year. Thus pro'fit is -$2,0£lp. A'decisiori t'o 
stay in business based oa the' accounting profit, results in a misallocatioA. 
of resources: the of f ice -space is not beitig used by the f ix^ " to.- which it is ., - 
of greatest value,, i.e. , the firm willing- to-pay $5,000 „pef year/. - • ... 

- As another example; consider excise taxfes^'levied on t^ie producers, of f , 
certain goods. This directly causes private (iosts to divferge from social - 
costs, and causes a -less than optimal amount of the good to be pftoduted and T 
consumed^ In the absence of .the' tax cos.ts, costs to the', firm and society^ 
■'are presumably identical: land, labor, 'capital. . With- the <ax, the firm pays 
an • additional charge, yet social costs ar; -changed. This leads to a cut 
in production. ' • ' ' 

Interdependent Production or Consumption . This, along with public goods., 
is p'ejhaps the most " significant^ class of - externalities . Our initial 
discussion of externalities drew on a consumptionVinterdependence^^ person 
A's" utility depended on B's consumption of X^/ For completeness, ^we how 
briefly present a case of production interdependence based on pollution. 
^Assume two firms located ^long a tlver, the; upstream ^firm discharges' an 
effluent into the river, as a : byproduct ^of its production'^process , and 
t4ie downstream firm draws water from the river for use in its production. 
'The downstream firm must treat .the water, at some cost„ to remove impurities. 
The more impurities, the greater the. cost. Each firm's. goal is the ti^xi- 
mizatipn of 'its own profit. The overall' social goal is the maximization' 
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^ ■■" ^ T ■ ^TT-m A He uDstream and' Bldownstxeam. It 

-of the. value of productipn. Let f irm A De upsti:e<ua ^ 

will be convenient to introduce some notation. - ^ " 

Q. Output of Firm i - - / 

C Total Costs of Production for Firm i 
Selling Price of the Output of Firm x. 
■ --fr. Prof it of Firm i ' . ^ 

• • , ✓ - 

E "Effluent of • Firm i > ■ \ 

i - - r . ' / 

•V Net Social Value ICa market oriented measure of social vexfare) / 

"Firm A seeks to ufaximize . ■. 7T^ — . 

W latter conditions state that marginal cost is positive and increasing - 
over the rele>Srit range, -Finally, for firm A, 

. ..• . . - ,.E, CQa;^ . 

i e., 'its levei of .effluent depends positively on its level of output. ' ' 
- ' Letting Q be A' s pr.of it-maximizing level of ou'tput, is such that 

which is simply the.first order necessary condition for a maximum for • ' . 

Similarly, Q, is th^t ' ' • However, ^ ^ :.fV V/. : 

is, B's costs depend on A'i effluent, .which B takes as given. The social 
objective is to maximize r ^ ~1 

1/ = £ Pa <5>^ + '^c.Qs J - i- "^'^ J 

i.e., the tptal willingness to pay for output less the total costs -of producing 



Expanding V/ we have V = P^Q^' + P^Qg - (Q^) - [ ^ ^ V -1 

A relevant first order . condition which ^the socially optimal production of 

Q , Q * must satisfy is ■ . , 

Now let us' examine the difference between (the self-interest production ^• 
level of firm' A) as given by (15) and Q^*, the socially optimal production 
level given by (16) . Figure G-2 illustrates the key aspects. The intersection 
of ~ P -and at X determines according to (15) . Likewise the inter- 

section of'p, •and.^C!! ^. 2^ at Y„determines Q * according to (16) 

Note that Q-^*^. aS long as -p O ° • 

indeed the case. . " "5^^ 5C?^ ; ' 

Thus, a production ihterdependenc'e. - one firm.' s cost vfurictiqii- dependent 
on the output of ' another - gives rise to an 'externality Tnat: is , .i"t results", 
social and privatfe costs diverging, leading to a, non-optimal xe source alio-" 
cation: ' too much Q tends to be produced. 

■Risk. Many, if 'not most, <hommercial and industrial undertakings involve 
some degree of risk: the possibility that, the eventual returns will differ 
from the planned returns. Most analysts agree that, faced. with risk,' society' 
best interests are serVed when projects and their magnitudes are chosen to - 
maximize expected re turns"'" Rj^i..,R^ an^ total financial resources of 

^ c <^€. . . ^ ■ V ■■ y. ' 

+Let R , . ; . ,R .be the possible returnsVon Project" 1, and let • • ^^^^ 

'be the probabilities, with which those returns are anticipated, /then 

and likewise for R^j.***?^ ' ' . 
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the socially optimal set of projects is that set which maximizes 

A) . ' . 

Net Social Benefit = ^ ^ ' C ^ ' " C 

subject to H^jCc — ^ y ^^^^^ ^ variable: 

1 If the project is chosen, 0 otherwise. The underlying rational *is straight- 
forward- If a large number of. projects are to be chosen, those yielding less ^ 
than the expected return will be balanced out^ those yielding more. Over ^ - 
a large number of projects, the "expected" net social benefit is likely^ a 
very good predictor of the actual benefits. Thus, the maximization of 
"expected" benefits is the best guide to maximizing actij^l (but yet unknown) 
benefits. 

Leaving aside the issue of whether net social benefits equal net private 
benefits (for that issue is addressed in other sections of this discussion), ' 
the question remains as to whether firms are motivated to adopt the expected 
profit- (granting for the moment that profit equals benefit) qciterion. 'As 
can be readily appreciated, there are important situations in which the 
e.:pe;::tations rule is likely to be viola^ted. That is, there are situations 
when it is„ in the firm's best interests to - not maximize expected profit. These 
situations occur when only a limited number of projects are to be selected and 
an adverse payoff on.^any one may spell disaster f(yr the fxrm. As an e^xtreme 
example, consider; Table G-I. A firm has ^2,000^tro commit to projects. The table 
details the cosC>, possible returns, probah'ilities of those returns, and expected 
profit, E (77), for each project. An example of E (77) illustrates the approach: 



TABLE C-I 





PROBABILITY OF POSSIBLE RETURNS 












Possible Returns 




COST 
($) 


E (TT) 
($) 


PROJECT 




-100,000 


-10,000 20,000 


200,000 


1 




.5 


0 0 


.5, 


2,000 


48,000 


2 -. 




0- 


' .5 , .5 


0 


1,000 


4,000 ■ 


3 




0 


.4 .6 


0 


1,000 


7,000 
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With $2,000 available; 'the firm can- choose to initiate one of the following 

' ■ ■ ■ ' 1 

Proiect(s) E (TT) . Unutilized Capital , . 

, ' AQ onn ' 0 ^ 



\ 



1 48,000 
•2 



3, 
2 & 3 

None 



4,000 . 1.000 i 

7,000 . 1.000 

11,000* 0 
0 2,000 



It -is clear that the-expeeted value rule gives rise to selection of project 1. 
Yet, Table C-II shows that if 1 is chosen, there is a 50% chance of a return o^ 
- $100,000- A firm,. particularly a small firm wherein a major loss would threaten 
its existence, would reasonably refuse ^o accept such risk.> We would expect 
that projects 2 and 3 would be adopted. 

The example demonstrates that when -risks are J^igh, the socially optimal 
decision rule of maximizing expectations is not likely to be followed. Basically, 
the cause is divergence of social and private values. The private firm values 
^ ^ 502 chance of a $100,000 loss different than a trillion dollar ec^omy values 
it. Society can easily bear the loss of $100,000 in goods and services, the 
1:^ typical individual cannot. , 

■ International Value of the Dollar . The international value of U.S. currency is 
detern,ined by the forces. of supply and demand in the market for dollars. When 
a firm in another country desires to purchase goods from a domestic firm, it 
niust pay the Am1^rican firm in dollars. That is, it must find someone with 
American dollars and offer to trade its own currency for dollars at some rate 
of exchange, "^e more foreign firms de^siring ^o^J^.S. goods, the greater - 
the demand for ^dollars and the more must be paid (in foreign currency) to gef 
them. Thus, a higher worldwide price of dollars is established when the demand 
I for dollars increases. U. S: firms wishing to purchase foreign goods and having 
to pay for. those goods in the appropriate foreign currency can now purchase a 
given amount of foreign currency for les^ U.S. dollars (or equally, can now 
purchase more foreign currency for the same amount of dollars) . The real effect 
- on an increased demand for dollars, in terms of the flow of goods between foreign 



-*We assume the projects are independent of each other, so the expected values 
may be added. - ^ 
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and domestic firms, in that we are 'now able to trade less of our goods for 
more of theirs. To that extent competition forces these benefits (in the 
form of lower prices) to be passed on to U.S. consumers^ social welfare is 
improved by the increased foreign demand for dollars* 

It happens, however, that there is a divergence of private and social 
.benefits in this process. The firm which succeeds in developing a new product 
with substantial foreign demand does not reap all the benefits associated with 
the more favorable trade balance and thus is not motivated to pursue foreign 
sales to the extent socially desirable. For the firm, by stimulating foreign 
demand for a U.S. product , fliakes the terms of trade (number of dollars per 
unit of foreign currency) more favorable for all domestic firms. All firms . 
dealing in international trade receive a benefit (lower foreign prices) due 
to the one innovative firm. Since the latter cannot charge other domestic 
firms for this benefit, it pursues its foreign sales only ta "the point where 
marginal private benefits = ^rginal costs, not the greater quantity where 
marginal social benefit^ = marginal costs. It appears, then, tliat government 
has a 1-egitimate role in furthering U.S. exports, fhere is a caveat in this, 
however. Higher values for U.S. currency will tend to diminish foreign demand 
for U.S. product!*', since their price will have risen. This will be a cost to 
some domestic firms. This, then is a balance to strike in the price of Jf.S. 
currency: too high can be as damaging as too low. 

Unemployment . This is a classic case of the divergence of%rivate and social 
cost, and has far reaching consequences for national economic policy. The basic 
consideration is simply stated: when a firm hires- an unemployed person, that 
person repr-esents a real cost to the fiijn: so many dollars per month,^ None- 
theless, that person *s emplo3rment costs society nothing: since that individual 
was producing nothing in his unemployed • state , society gives up nothing to have 
hitn employed by the firm. This contrasts sharply with the case in which the firm 
hires a person away "from another fl.rm. Society then gives up his production in 
9ne employment in return;' for his production in anothe'ig. Society gains only if 
the value of his productiofi now exceeds what it was prev^^sly. It follows that 
it -.is in society 's-^4)est interests for gt5vernment to stlSiulate the employment o£^__ 
unemployed persons • 

Economies ^ of ^''Scale (Natural Monopolies). Increasing returns to scale (or dimin- 
ishing average cost) presents a situation in which the free market fails to provide 
the socially optimal ^amounts of the goods involved^ and generally fails to organize 
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productiqp in the most- efficient m^nnev^. Fri?5>^ elementary economic reasoning, 
it is evident that the socially optimal\production of a good is that amount - 
such that the social- willingness-to-pay for the last' item just equals the ^ 
social cost of producing it, as illustrated -in Figure C-3 . 

To see the sense of this proposition, suppose it is not adhered to, and ' , 
'the .quantity -iproduced is less than Q* in the figure. .Then there- is some indi- 
vidual willitig to pay, say, 10 for another unit while the cost of producing 
it is. say,iV. Clearly, to produce the unit and sell it to the demander (for _ 
'a price ^ 5 and ID) make him better off. Since he is better off, and no 
one »orse off, society as a whole is better off . A similar argument applies 
to outputs in excess of-Q* : when the quantity produced differs from Q*. society 
can be made better off by moving toward Q*„and society is best off at _Q*. ^ ■ 

Economies of scale^^ said' to occur, when the^cost of producing successive 
units declines. That is, over the enti?^ range of 'production', average' cost 
declines. -In consequence of this, average cost always exceeds marginal cost 
(see 'curves AC and MC in Figure C-4. 2& 

Employing the principle illustrated in Figure C-3 (and assuming marginal 
cost = marginal social cost), Q* is identified in :.igure C-4 by the intersection 
of-MC and D. The firm, it may reasonably be assumed, has little interest xn 
maximizing social welfare. Rather, its .principal concern, must be profxt;_and 
profit is maximized where, marginal revenue just equals -marginal cost, at Q. 

Note that at Q, v\ 

Profit = Total Revenue r Total Cost . , ^ 

= (Price X Quantity Sold),- (Average Cost x Quantity^ Sold) 

= PxQ-CxQ 
x= Rectangle^ W X C 
However, if the firm produced Q*, 
Profit = P* Q* - C*. Q* , 

= Negative of Rectangle C* Y Z .P*. 
That is, the fir. would actually Incur a loss if it-produced the socially optical ^ 
<,ua„tlty. -The situation gets worse, however. So far we have heen assu»ing that 
the entire »arket is served by a single fir». Suppose, instead, that two identical 
flr,^ share the market. Xu^this case it can he shown that each will now produce 
lass than half of what the-^ngle fir» would produce. In other words, competition 
--actually worsens the situation. The »ore flrr^ there are. the less is produced; 
and even one fir. alone only produces Q ^ Q*- The example applies to a nu»her 
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Figure C-3. Socially Optimal Production Level 
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Figure C-A . Profit Maximizing and Socially Optimal Outputs ^ 
Under Scale Economics 
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of 'real situations, particularly the production of utility-type services. In 
most cases, -the government has stepped in, franchised a single firm to provide - 
the good, and has regulated its price and olitput so that something better than' 
(P, Q) ocurs." 

Non-Competitive Markets . The exis^tence of monopoly power in. a. market obstructs . 
Adam Smith's "invisible hand" from timing the forces of private greed to serve 
the social welfare. This case differs from the previous rone in that, here, more 
competitien improves , rather than detracts from. Social welfajre. Otherwise, the 
analysis is -quite similar. The indication of ^monopoly power is -that the fin^has . 
inhuence over the mar^cet price of the good in question: the firm'-s^^ef share 
is substantia l enough that, by increasing or decreasing output, it can cause the 
^^mr-L-prrr r-n-^— - The fii lm^^^ie^d-nQ t'be the only firm ^ h a 

^market for it to exercise monopoly power, it is only necessary that^miiye ^ffiS 
influence over market price. Figure C-5 illustrates " the case. Note that it is 
!tKe.. slopes of AC and MC which diagrammatically disA:nguish Fig. C-4 from Fig. Q.-5. 
The profit maximizing output is Q (where MR-^C) , but the welfare maximizing output 
isfq*- (where Marginal So'cial Benefit = Marginal Willingness-to-pay = Demand = MC) . 
When monopoly > power of this sort (decreasing returns to scale) . persists , a likely 
cause is the existence of barr:ters to the entry of other f^rms . In the ^Interests 
of social welfare-, the effect of various federal laws, is to make such barriers 
illegal'. Nonetheless, the laws are effective only "in the most blatant cases. 
Much monopoly power persists, and it is ■ in ' the apparent best interests of society 
that it, or at least itsyeffects, be mitigated. ' , 

National Security . ^ great deal of federal ^activity proceeds under, the aegis • 
. of national security. The rationale for government intervention i^n the economy^ 
in the name of national security is straightforward; wh><fh is not to, say, however, 
that it cannot be abused. Sasically.. there appear ter<e two types of situations 

of in^^^t. ' « . 

In the first, society has dire, though very irtf requent^e^andjfor some ^ 
perishable good or service. For example, the services of many experienced 
military-goods firms are required during wartime^ It is not prudent to wait 
for such' firms to /orm when War occurs. HowevefT'the peacetime demand for such . 
goods would preclude the economic viability of^such firms during peacetime. 
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Tht«-. It would appear to be in society's best intgeVests for some such fxnns • 
to be supported by goverpinent during peacetime. so that they may be , available- 
in the ever^t of war. There'^ls no doubt that much actual defense expenditure 
•is for precisely this reason. The "best" number of firms, or the "best" . 
level of support are important questions underlying the analysis of each . 
-year's defense budget. It is obvious there are.no easy ansvers to such 

questions. . * - ' 

- The s-econd case involves U.S. dependence on foreign sources for vital raw 
materials. The well-known economic argument favor of trade (namely that by . 
each country' b specialization in producing the goods for which it has a com- 
petitive 'advantage, and by trading its. goods for those of other countries, the 
world community becomesas well off. as possible); breaks, down when political 
factors begin influencing economic decisions .^This appears to be the case 
in much of U.S. - ^^ird World trade. Oil is a prime example., but other materials 
are involved as well. ?lecenf events suggest £^^at, in the long run, society 
Jight be better off paying somewhat higher prices to domestic producers, and 
thus sustaining their ^^^duciion capabilities, rather than relying on unstable 

■ foreign supplies. This argument does not preclude trade ^ vital materials, 
only complete dependence on foreign sources. 



IliPLlC;ATldNS ..FOR lAG-^-S'^ ' 



' ^ The above discussions suggest; several relevant issues which should 

* * ' . ' ■ . r > . ■ • ^ <! 
. ' '-.be of concern to lAC* loariagers/a^-d policy makers. These issues include:. 

!• thformation, ih* some '^'tuations, has the characteristics of a^^ ^, 

public good iu terms of non-rivalry in ;.consumption and non-excluda- 

ability. In many cases, however, the condition of ^ non-exi^ludability 

is 'not applicable because the- inf ormation can b6 excluded from: 

'user^ and payment can be :e:xacted for this information; 

2. Several of the^ sit^uatioris ^described in Chapter 2, one can con- ^ • 
jecture, coulc^easonably applV to .lAC' s , thus externalities ' ■ \ 
'could arise. - - r- ^ V " , - . 

3, The magnitude of the externalities of interest are not well \^ • 

* • defined and deserve further . investfgation. ^ 
■ - 4. To the extent that these Externalities apply and are significant,- 

the asjount' of information \supplied by private firms is likely to 
be less than the socially optimum, and. government support of 
' • lAC's would be justified .economically. 

5. The" strongest externality-inducing situation may be the result 

■ of the probable decreasirig, average cpst;. incurred^ by information \- 

dissemination activities such as -lAC's. If this- is a decreasing \ 
' average cost, industry, then private fiiTos^ operating under a profit 

or revenue maximization strategy vould not , supply .the socially 
optimum quantity of information. As discussed in' Chapter 2, if two . - 
firis were competing, then the total quantity,. supplied- would be ^ 
; ' less than that supplied by a single f^irm. ' Thus, to fhe extent .lAC's^ 

-incur' decreasing average costs' over their range of productiort, society 
as a whole would be better off with government supported lAC's, rath.er 
than with privately funded lAC's. ~-. ♦ v 

6. Another important externality inducing^condi^ion involves tt)e per- - 
. .iiceived risk of establishing and- operat Jjog-'an lAC. A saall firm 

may not follow the socially optimal (ieci'sion rule of maximizing 
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We-ctations because the risk of loss is too high for it to accept.. 
Thus private firms .night not provide ar^r of the info-rmation diss- 
emination activities that are provided by the government. 
National defense vas the original justification for the establish- 
ment and operation of many of the federally supported lAC's. As ^ 
evidenced by the institution of cost recovery programs within the 
Department of Defense lAC's, however., national defense no longer 
■ appUrs to be a sufficient sole reason for the continued support 
of tkse lAC's. This may stem from ^ lack of , quantifiable benefits 
to the national defense that result from the- existence of the lAC s. 
If these benefits could be quantified in a believable manner, then 
decision makers wi/hin- DoD might not require. cost recovery programs 
in order .to demonstrate the benefits of these. lAC's.. 
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Introduction and Highlights 



This appendixreports the project actix^ities in a narrative, 
generally chronologicjal , forrBat". It presents the^project efforts 
and results as ' fchey. evolved , thus illustrating the changes in jresearch 
^emphasis; "bllivd ^ilis" explored, and the influence of.the C^erview . 
Committee in the project's .development:; " 
Highlights 'include: . , • 

- The project ut^'ilized an active, knowledgeable Overview Committee. 
■ - The effort required an analysis of lAC functions and an emphasis - 

on concepts and methodology. ^ T 

- There were no| conceptual problems' with cost data, but benefit^ . 
data were limited and difficult to utilize. ° 

- Interactions Lmong services required the development of concepts ' 
that would pe'rmit analyses of combinations of. lAC services. 

- Project results include (A) benefit and cost models based on 
economic concepts and cost accounting principles and (B) sensi- 
tivities of the costs and benefits to changes in parameter 
values and technology. ' / 

^ The research effort originally was proposed to be a twelve month 

effort consisting of ■. six tasks: 

- 1. Project Initiation ^ . - \ 

li ksxal.y^^^ of lAC Costs * . . 
■-' ; 3.- lAves1?lg^tion of User Demand Characteristic^ 

h. Example Applications of Results 
. 5.J Generalization of the Results to- Other ^AC's 

ef" Documentation-and Dissemination of R^esults 
•. The intent'' of the approach was to select an information area, pick 
a particular lACin-this area and develop an- acceptable model and method 
ology, and finally' to general ize" the result? to other lAC/s.. Data on 
benefits were to be obtained" through interviews with end users (^^f the 
. lAC services, and the benefit', model was to be based on these data". 



' The liroposed approach and schedule^ were njo'd if ied considerably 
early In* the project. An imanticipated long delay in ;receivi^g initial 
notification of the award made impossible the effort planned during the 
summer (1975) by prof essors 'at Emory University . Consequently, the ^ 
first change in the project was to reschedule the effort over approxi- 
mately 18 months!;! Although the actual approach generally followed the 
initially defined six tasks, * the comments and suggestions of the Project 
Overview Committee 'substantially, modified details of the procedure and 
the relative emphases on the different task^activities. Figure B-1 il-^ . 
lustrateis the study flow during the project.' 

Project Initiation - , > ' , 

Notification of the award was received in June, 1975- Travel 
schedules and other -conunitments. of the project team'^delayed significant 
effort until early August. Based on a literatuiTe investigation .of 
federally sponsored. lAC's'"', several lAC's at Oak Ridge, Tennessee, . 
appeared to. covier a wide range -of subject areas .and collectively to 
offer a wide range of services^ After telephone conversations with a ^ 
previous contact at the Energy Information' Center in Oak Ridg,e, the ' 
project team arranged a visit to the Oak Ridge Information Center Com- 
plex ^(ICC) in August. This visit included talks with Dr. Gerry Ulrikson, 
ICC director, and with staff members of the Toxicology Information - 
Center (TIRC) , the Radiation Shielding Information CenterV^nd the Energy 
Infoitoation Center. 

An evaluation of the findings of the visit was revealing. ' The wide 
-grange of services offered by the groups within the ICC and the breadth 
-of technical areas th^y covered indicated that the ;ICC>would be a good 
focus for the study. The project team ^l^inned a second trip^ to the ICC 
for data collection in CTctober. - « , - 

During' August and September the project. team solicited and evaluated 
suggestions for members of the Overview Committee. Also during this 
period, the Principal Investigator attended thie Defense Supply Agency 
(DSA) meeting of the managers of DSA-administered Department of Defense 
(DoD) lAC's at the Johns Hopkins .Applied Physics Laboratory. ^ This 
meeting verified the importance of the 't)roject: financing of IAC*s.and 
lAC services was- an important topic at the meeting.. Information on. the 
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Figure D-1/ Summary . Study Flow Diagram of Research Effbrt 
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EROS Data Center, representativie' of an lAC .which primarily distributes 
dat^t, was obtained during this period on a previously planned visit to 
the Sioux Falls, South Dakota, remote ^^ensing data center. The Principal 
Investigator durUng this period executsed an agreenent with the- subcon- 
.tractor, Eorecastdtng International. . ^ 

. Durina. October, the. Overview Committee membership was completed and 
'the dat-e for its first meeting. Members ' cf^ the project team also 

made a second visit to the Oak Ridge ICC, *att ended the American Society ^ , ^ 
of. Information Science (ASIS)^meeting in Boston, ^nd visited two DSA- 
administeredT lAC's. Also during October, the project t^eam completed a. '> 
report on the efforts to date ("Task 1 ReportV), submitted it to NSF, ^ 
and distributed it to members of the Overview Committee.- 

Overview Committee . The individuals invited to be memb^s of the 
Overview Committee included: 

Dr. E. L. Brady \ National Bur^eau of Standards 

Mr- Richard G:' Bruner \ Defense Logistics Agency* 
^ Dr. Yale Braunstein Brandeis University (formerly with New York Univ.) 

■ Mr. Davis McCarn - National Library of Medicine 

Dr. Gerald Ulrikson Oak Ridge Na^tional Laboratory. 

Each of these individuals agreed to serve oi^the committee^. Iti. addition. 
Dr. Y.S. Touloukian and Dr. Vladiiijir Slamecka, project consultat^ts, agreed 
to attend and participate in the meetings. The first meeting was set for 
November 25, 1975. ' - 

ICCr^(ORl^L) ^ Second Visit . The second visit to the ICC produced 
. detailed ^information on availgble cost data and -user demand information. 
In identifying and attemptin^to collect these data, several issues be- 
came evident. These issues included (1) the privacy question and the 
apparent conflict between privacy and freedom of information, and (2) . 
the perceived reluctance of users to discuss the benefits of the informa- 
tion services provided. 

The ptQj^ct team proposed that^" all user data (and, where desired, " 
cost data) would be aggregated, summarized in statistical form, and not \^ 
identified b^^:organizational name in any eventual repor;:.^ This, procedure 
seemed to be acceptable .and to^- adequately address concerns about privacy. 



ASIS 1975 . Attendance at the Boston ASIS ineeting had significant 
^direct" impacts, but only on later phases of the project r particularly 
It created a formal opportunity for disseminating results of the research 
effort. Iiiformal discussions with other attendees at the meeting revealed 
widelpread and apparently growing interest, in the economics and management 
of information centers and services. These discussions eventuated in an 
Engineering' Foundation Conference on the Economics, Management, and- 
"Technoiogy of Information Centers and Services. _ 

This Engineering Foufidation Conference was held at^ the Tidewater Inn, 
Easton, Maryland, August. 29-September 3, 1976. Dr; Mason cocliaired (with 
John Creps)'t;he conference, and. members of the project team presented 
result? of the research effort in- three p^ers: Dr. ^eter G. Sassone pre- 
' sented a paper on the cost .^enefit methodology Mr. 1^' William Spann . 
• presented a paper on cost accounting for- information services, and Ms. 
" Audrey Clayton and Ms. Ethelyn Bishop presented a paper of {.the impacts" of 
technological innovations of information services. 
^ MCIC and MDC Visits . Members of the project team visited the Metals 

and Ceramics Information Cejiter (MCIC) at Battelle in Columbus, Ohio, and 
the Machinability Data Center (MDC) at Metcut Research Associates in 
^-c- Cincinnati, Ohio. Each of these organizations is a Department of Defense- 
'^sponsored, DSA-administered lAC. Both MCIC and MDC provide several 
I services, including inquiry response and handbooks and other publications. 
However, the project team came away with impressions of distinct differ-^ 
ences. The MCIC has a relatively s^ll full-time staf'f but,mtilizes the^ 
- entire Battelle staff as needed for responding to inquiries ana preparing 
reports; i^s "outputs are predominantly responses to' inquiries and state- 
of-the-art monographs. The MDC also has a relatively small full-time 
staff, and makes use of the Metcut staff; its output consists of -a compre- 
hensive handbook, educational seminars, responses to inquiries, and state- 
- of-the-art review papers. Compared with the ce.nters at Oak Ridge, both 
the MCIC and the MDC em^)hasi2e the critical, evaluation of data and 
research results. 
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Task 1 Report - 



The Task 1 Report completed and summarized the results of the project 
initiation. Phase I. It provided a background for the Overview Committee 
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and a suggested framework for conducting the remainder of the study. The 
report was mailed to the members of the Overview Committee with a note . 
stating that the report was a' working document and that their comments 
were desired. f - ^ 

Scope . The report included an introduction and backgtound to ^ 
the project and the cMcisions- made during Phase I on the project's ' 
scope focus, and lAC's selected for study, and a revised project 
schedule. The report also included a literature overview and annotated 
bibliography, a general discussion of the economics of govemm^t inter- 



vention in what otherwise migkt be private sectors of the econc 
glossary of •terms used in cost benefit analysis, and an interview format 
and summary information sheet. 

Phase I Decisions . During Phase I, the' project team selected 
lAC's on which to focus in developing the methodology. The choice was 
to work with the Oak Ridge National Laboratory Information Center Complex 
(ICC) and at least one DLA -administered lAC. These were chosen because 
of their wide range of technical areas, wide range of services, and 
apparent availability of data on users^and costs. * ^ 

Typically, lAC services may be gr'ouped into eight categories: 

1. Handbooks/Databooks * ' 

2. State of the Art- Reviews (SOARS) 

3. Symposia Proceedings 

A. Critical Reviews and Technology Assessments 

5. Current Awareness Periodicals/Newsletters 

6. Responses to Inquiries 

7. Bibliographies 

)8. Workshops/Seminars ^ ^ 

The project team selected two categories for detailed study ^In developing 
the cost benefit methodology: 1) handbooks/databooks, as representative 
of a "mass market" service, and 2) inquiry \esponse service, as repre- 
sentative of a custom,, individualized service. 

Cost benefit analyses are intended to aid in making decisions and 
formulating policies. Consequently, the project required a decision 
or policy issue on which to focus the methodology development. The 
study te^m sheeted government fund ing of lAC's as the focus for the 
research effort. This choice was influenced by observations -on the 
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continuing debate about cost recovery through user charges and the 

role of federal government financing of new and existing lAC's. The • 

particular aspects of this issue included two sets of alternatives: 

1. The government continues funding of currently existing 
lAC's versus discontinuation of government funding; and 

2. The government sponsors new lAC's versus a laissez -falre ^• 
attitude (assuming spontaneous development of desired lAC's). 

Literature Overview and Back ground Material. The Task 1 Report 
provided an overview of the relevant literature, a glossary of terms, 
and a background paper on the economics and rationale for government, 
financing in what otherwise might be private sectors of the economy. 
These parts of the Task 1 Report, in revised forms, are included in 
this report. as Appendixes A, B, and C. respectively. 

Firs t Overview Committee Meeting 

The first -Overview Committee meeting was held November 11, 1975. 
The meeting served (1) to acquaint the members of the committee with 
the project's, purpose and focus, (2) to provide the committee with an 
overview of the schedule and approach, (3) to furnish details on the 
anticipated data collection efforts and modeling approaches, and (4) 
to initiate a dialog between th^ committee and the project team. The 
attendees included; in addition to members of the project team and the 
' members of the Overview Committee themselves. Dr.- Joel Goldhar and 
Ms. -Helene Ebenfield of the National Science Foundation and Mr. Joe Blue 
of the^efense. Supply Agency. The following paragraphs summarize the 
discussions on the major issues. 

Research Purpose and Scope . The meeting participants agreed on 
the purpose of the research: to develop a methodology for analyzing 
the benefits ^nd costs of information services. The participants also 
agreed that the research should emphasize lAC's and not be a study of 

information centers in^ general. 

n..lslon/Policy Focus . The. participants discussed the appropriate- 
ness of government funding as "the policy focus for the cost benefit 
study, and the general issue of what should, be the appropriate level of 
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government funding seemed to cover the common interests. The relatively 
new policy of charging for services was an issue of considerable concern 
to the participants; the traditional concept of information (and the 
service necessary to mike the information available) being freely avail- 
able, with no direct cost to the user, still lingers. 

The participants discussed the scenarios appropriate for evaluating 
the effect of government policy. For the alternative pf ''no government 
funding", resulting- in no lAC being available, the participants suggested 
two possibilities, for subsequent impacts: (A) the users themselves will 
perform (probably at a greater cost) the services which the lAC performs, 
or (B) another center might arise to fulfill the functions of the TAG. 

Data Collection and lAC Functions . Several participants expressed 
concern about, using the inquiry response data collected thus far , (from 
ORNL) as a basis for establishing cost and demand models. The concern 
seem^ to be that these data might not be representative of an^ lAC 
which provides substantial data analysis and synthesis (as opposed "-^^^ 
what many perceived as primarily a bibliographic search service). ' 
Dr. Touloukian offered data from hig^centers as an alternative; 
Mr. Bruner promised DLA cooperation inj. data collecting, pointing ou^,- 
the conflicting considerations of freedom of information and privacy.^ 
It was generally ^agreed that the research team could protect privacy 
by aggregating data and not identifying* the user in disclosing data to 
NSF OT others. ^ ' 

Dr. Touloukian suggested that a useful categorization of lAC's is 
that of inission-oriented centers and discipline-oriented centers. The 
mission-oriented center serves a particular set of users and typically 
will address problems which cut across several disciplines. The dis- 
cipline-oriented center emphasizes review, analysis, assessinentT^n^ 
synthesis of information within a particular discipline. The latter 
ceater is at the forefront of a technical area and, as a^result, is 
likely to be aware of problems in the technical area even before a 

demand arises for solutions to these problems. 

ft 

Dr. Braunstein suggested that all information services may be 
viewed as some mixture of scrt - -ing and research . A possible third 
distinctive function was discussed: data base, building and maintenance. 
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Academic lAC's . The participants discussed the definition of- an 
academic lAC. The^discussion resulted in no readily identijf iable unique 
characteristics of an academic lAC and no consensus on a definition. 
Several participants suggested that such centers, given the ■ difficulty 
of definition, probably deserved no special attention. 

Social Factors . The participants mentioned several factors which 
•are judged to influence utilization of lAC services, particularly services 
for which there are fees. Many V^ticipants expressed the view that 
such" social factors outweighed economic 'factors in determining the 
demand for lAC services. • 

- An engineer may fear to reveal his ignorance through ^ 
■ requesting money for ^n lAC service or through a care- 
ful "documentation of savings "which resulted from using . 

; an lAC service; . j 
\ - lAC personnel may resent the fact that they must charge for . . ^ 

' a service which appears similar to free services offered by 

other operations; 

- The gatekeeper concept (expressed by Tom Allen and others) . . 
. raises the issue of how information 'is transferred when the 

. gatekeeper is not the^ibrar;Lan . In other words, an lAC- 
may not be used if the^informal gatekeeper does not have 
the authority to .pur<?'l^se information services. 
At the end of the meeting, the participants agreed that the research • " 
effort at best coftld only identify such factors and discuss them' b^^y. 
A detailed discussion>r investigation is outside the scope of ^^^^gf ' 

Technological Innovations . The plan for identifying and asses^'^ ^ 
the Impacts of technological -innovations on the economics ^of lAC ser- 
vices was discussed. Several of the participants expressed the opinion 
that technological changes will have a second order impact on costs and 
that the primary /most important impact will be on benefits through ' ' 

easier use of (access to) the "services and, consequently, an increased - 
market for the services. The .lAC might be able to serve a larger fraction • , 
of its potential market with the implementation of ^ technological innova- 
tions.. ^ " 
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Factors Affecting Users ^ Willin6iess-to-pay , An liaportant considera- 
tion In/ .cost benefit analysis ±s Miirpigaess-to-pay (WTP) . WTP is evi- 
denced (by ^ demand curves for particular services. The discussions at the ^ 
meeting Included considerations of WTP, and the^ follovln^^i-ac^ist of 
factors synthesized from these discussions: ' ^ . 

Money availa'jble ta the potential user; , * 

- Particular ^roblei^need or current interest; - , ^- 

- State of kno^Jte^^ of the user^ . 

- Perception of the user as to the nature of the cost: • ^ 
investment (capital) versus a problem-solving expense; and 

- Captive versus non-captive~nnature of the market.^ (^n 

a captive market, one cannot assume that the market: price 
""^^^ reflects willingness-to-pay. ) 

Unresolved issues .. The participants raised and discussed, but did 
not resolve, the following issues: 

- What is the impact of tim6 and c#cul^stances on demand curves? ' ^ 

How does one treat the Adynamic nature of demand curves? ^ ^ 

' ^ - How does one handle actual demand versus potential demand? 

- Do commercial data bases depend on existing lAC^s? Do 
existing lAC's subsidize commercial data base services? 

- What is the value of building and enlarging a^ data base? 
How is this value affected by data base size? 

- What is the nature of the expected discontinuity in a cost 

\ versus price curve for a service? That is, what is "the cost ^ 
of iierforming;Sfehe accounting and other functions necessitated 
by instituting a nonzero charge for previously free services? < 
Mid-Project Overviev Committee Meeting , Mtobers of the Overview 
^Committee generally agreed that a mid-project meeting (possibly around 
February) would be productive, and was desirable. The meeting would 
review the method or methods for collecting and analyzing data and the 
preliminary findings on developing the cost benefit methodology. 

Summary:^ Re suits of the Meeting . The participation of the members 
of the Overview Committee resulted in the project team having a greater 
. appreciation for' the. concerns of the eventual users of the research and 
in the committee members having an exceptional* understanding of the aims 
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and .approach of piroj ect. To further assure shared concepts of the 
project, the principal lirvestigator prepared a summary of the meeting . 
discussions, and mailed it to. the participants with the request for ' 
fiirther^coinments if 'they wished. Based on the discussions at the 
meeting and the subsequent comments, the iproject team made the following' 
changes in'emph.asis and approach: . . a 

- Terlninated the planned intensive investigation of data from 
the Toxicology Information Response Center (TIRC) because, 
the comn>rttee believed that the analysis function ^t TIRC was 

* limited and not representative of lAC's; 

- Decided to co]^ct and analyze data, available from^' DLA and the 
Center for Information and Nimierical Data Analyses and Synthesis 
(CINDAS), which ^ the committee believed to.be more apprujpriate 
because of the DLA center's emphasis on evaluation, analyses, - 
and synthesis functions; ^ ^ \ 

-^Changed the technical" approach from economic analyses of single 
services of lAC's to a multi-service economic analysis approach ^ 
because of possible interactions among costs and demands (there- 
by benefits) of service^; and 

- Eegan^an investigation of lAC service demand based on uncertainty 
' Xsubjective uncertainty of the potential lAC user). 

Interim Research Effort 

During the time"^from December, 1975, through April, 1976, the 
project team collected and evaluated data, . developed concepts, designed 
cost and benefit models and calculation procedures, and performed initial 
-analyses utilizing the models. The results of this period's effort. were 
documented in an interL report and sent to members- of the Overview Com- 
mittee. The second (and,as it developed, the final) meeting of the 
Overview Committee was set for April 29, 1976. 

During this period J the project team received and reviewed user data 
from DLA and from CINDAS. These data provided additional insight into 
the nature of benefits but confirmed" the difficulty of collecting statis- 
tically significant benefit data: the CINDAS data included few examples 
of services for which there had been a user charge and the DSA informa- 
tion provided episodical/anecdotal examples of cost savings or problem 
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solutions resulting from someone using an lAC's service. These illus- 
trated the value, of lAC services but provided no statistical data nor 
s^ata vhich "could be aggregated meaningfully- 

During this period the subcontractor developed a list of techno- 
logical innovations suggested for Inclusion in the scenarios to be . 

analyzed in the later phases of the* project/ This list represented 

p 

a range of communications technology innovations which cjpuld impact 
lAC services and activities. The list was mailed to members of the 
Ov/erview Committee for their judgments on the relative importance of 
the various innovations to lAC decisions and policies. 

The project team completed the initial formulation and documentatfon 
of generalized cost and benefit models. These models and the underlying 
conceptual framework were described in the interim report and distributed 
to the members^ of the Overview Connnittee for their review prior to the 
April 29 meeting. The report and the results of the meeting are sum- . 
marized in the following paragraphs. v 

^ .. " 

Interim Repoi:t 

The interim report "was completed and distribute"^ in April, 19^6. 
,It reviewed the research effort's purpose, scope, .approach, and status, 
described the conceptual* approach, summarized the cost and benefit models, 
arid outlined proposed future project effort. . ' • 

Introduction. The introduction to the interim report reviewed the 
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purpose, scope, approach, and status of the research effort. It cti- 
phasized.the changes in direction and emphases which reflected the com-* 
.Tients from the first Overview Committee meeting. These changes, generally 
. resulting in increased effort on Tasks 2 /^and 3^ (Analysis of lAC Costs and 
Investigation of User Demand Characteristics) and reduced efforts on 
Tasks 4 and 5 (Example Applications and Generalization of Results) ^ in- • 
eluded the following: ' \ 

- Increased emphasis on the unique capabilities and functions of 
"lAC's; . . . ^ 

- Refinement of a functional model of lAC operations; 

- Recognition of the critical nature of social factors in deter- 
.mining actual demand (versu^ potential demand) for JAC services;^ 
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. . ■ - Increased awareness of the possible advantage of viewing the po- * 
tential user's purchase decision from a probabilistic perspective; 
An awareness of what appears to be high demand-price elasticity 
for lAC services; and ^ 

- An awareness of a desire for measures of benefit *o1:her than 
users' "willlngness-to-pay". ; ^ A 

Conceptual Approach . The conceptual approach provided a framework 
for examining the relevant parameters of lAC'operation and user behavior.' 
The emphasis in the adopted approach is a model framework that is con- " 
sistent with the stated observations, namely: 

Low "willingness-to-pay" by actual and potential 

users of lAC services; " ' 

- High apparent elasticity of demand for. lAC services; 

- Small -quantities of lAC services demanded; • • 

- The existence of individdals who are knowledgeable and 
inf<jrmed about lAC's but who are nonusers or underusersrof . 
lAC services; . . 

- High "real" value of lAC services; and 

- Interactions among the demands for different services; in ■. 
particular, reduced demand for other services with increased . 
handbook sales.- 

• The adopted framework described the demand for lAC services-as a. 
residual, risk averse.^emand, and the models"of the demand We de- 
" scribed by graphical representations of supply. and demand. The complete 
description of the conceptual framework is included in Chapter 4 of this 

report. * , • ) 

Cost and Benefit Models . The interim, report described basic models 

of costs and benefits that were based on discounted projections of bene- 
fits and costs to society resulting from the utilization of lAC services. 
The model utilized benefit estimates based on the value of "time saved" 
by an lAC user. Cost estimates were based on cost parameters obtained \ 
froi various lAC's. The report used the inquiry response service and 
. the handbook service as exstaples. . ' - ' 

' The project team recognized, a priori , the inadequacy of the value 
of "time saved" estimates as a measure of total 'benefits. . ■ (The Overview 
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Committee subsequently affirmed this recognition of inade<fuacy, ) How- 
ever, this benefit measure provided an indicator of tangible benefits^ 
was useful for communicating the model structure, and could be viewed 
as a lower bound on lAC benefits. 

The adopted cost model utilized a "fixed cost plus variable cost" 
structure. The^ total f ixed cost for an lAC was calculated by^rsumming 
the unallocated fixed costs (costs which could not be associated with 
any particular service) and the fixed casts ass'^ciated with each in- 
dividual *IAG service. The variable costs were the marginal costs as- ^ 
sociated with supplying an additional unit for each particular service, 
holding ^llyother variables constant. ' 

The interim report illustrated &e. utility of. the models by assum- 
ing parameter values and illustrating the results of sensitivity analy- 
ses of the models. The sensitivity of^a model. to a change in a parameter 
value -is defined as the ratio' of th^ percentage change in outcome (e.g., 
benefits or costs) to the percentage change in the parameter value 
which causes the change in outcome. In more concise terms, sensitivity » 

to parameter P, S , is defined by 

- P ' ^ 

S ^ (AC/C) f (AV /V ), where . ^ ' 

P ' P P ' 

= original value of parameter P ' 

AV = change in value of parameter P 
** P 0 ■ ^ ■ 

C = value of outcome at V - . 

• V . ' ■ ■ P ■ 

AC change in outcome resulting from AV . 

The ^inquiry^jne^^onse cost model proved' to be , relatively insensitive 
to changes in/]^arameter values (all sensitivities were less than unity), 
but it showed the most sensitivity to changes in values of the assumed 
time horizon \. 7) prof essional time spent in responding -to inquiries 
(.54), the prof^sional salary rates (.41), and the fixed cost allocation 
factor (.46). The handbook benefit model showed the same sensitivity to 
time horizon (.7) but- much greater sensitivity to other parameters: 
assumed annual user benefit" (3. 0) , price charged by. I AC (-2.0), and 
assumed number of users per year: (1.0). 
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: • Emnhas*!^ Ot,tlons. The interim report outlined options 

-for emphasis In the remaining research effort, and requested connnents 
from the Overview Committee. The options, v^hich were not mutually 

exclusive, included: . ^ > - 

. - Applications of the models to different scenarios; 

- ":^mproved^ estimates of parameter values; 

- Expansion of the conceptual approach to include the 
time dimension from the perspective of the state of . , 

; - technological development and the stage of development : 

of the lAC; ^ 
'■■ - Expansion of the conceptual approach to include an 

econometric model of i-ndustrial .s^en^s (aimed toward 

a compa^son of variable^ such as industry growth rates 
in se^nts similar except for the existence of an I AC); and 
- documentation and^ further explanations/descriptions of the 

approach, rationale, models., etc. 
The interim report was mailed to the members of the Overview 
Committee with a cover letter requesti-ng dTat they review it before, 
the meeting. The 'letter included questions to guide their review: 

1 . on the basis of ^our experience , should the conceptual model 
explairi observations about user b^ehavior other than those • 
accounted for? _ 

Are the procedures outlined^ in the ^ost anH benefit models 
simple enough to be .utilized routinely? , 
Recognizing the inevitable incompleteness of any routinely 
applicable economic analysis, would you'have confidence in 
using the outlined analytic proc^edures fo assist ypu , in 
making decisions and formulating policy?' _ 

Are^there issues other than 'those outlined in Section V which 
should be addressed by our-' research effort? 
What other -research issues are "sug^^ted by the conceptual 

model? .' » • 
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Second Overvlev Committee Meeting 

Thj^ second ijieet*ing of the Overview Coinmit tee was held ^s scheduled 

on April 29, 1976. In addition to those participating in the first 

meeting. Dr. Joseph Talavage (Purdue University), who was performing 

related economic re^search on lAC's, attended and participated in 

this meeting. This meeting, as did the flrst,^ proved to be useful; the 

participants freely exchanged viewpoints, suggestions, and their- 

reactions to the research approach and model concepts. A synthesis 

of notes on the major discussion points at the meeting was mailed to 

the participants for further comment. The following paragraphs sum- 

marize the discussion Issues. 

^ Overall Model/Conceptual Framework . ^ There was no strong disagree- 

ment with the conceptual framework. However, the participants believed 

that there were exceptions to the generalized criteria ("stylized facts") 

used to construct the model and that these exceptions and considerations 

should be noted. Discussions Included the notion that interrelationships 

» 

among lAC services might be affected by types of handbook users, excep- 
tions to the low "willlngness-to-pay" of lAC users, and the fact that 
there are dfifferent types of lAC's (e.g., research focussed vs service/ 
response focus). 

Data Collection . The participants discussed the difficulty (and, 
to some, the apparent impossibility) of collecting benefit data. The 
consensus was that dSita currently do not exist for a credible cost 
benefit analysis; some individuals believed that past attempts to deter- -'^ 
mine values of such parameters as "time saved" did not yield credible 
results. A. related issue is that of the credibility of such\ an analysis to 
decision makers (e.g.. Congressional Committees), who wOuld require 
additional explanations and perhaps additional economic analysis pro- 
. cedures. ^ ' 

User Behavior . "Costs"'^ in the model should be Interpreted as 
"perceived costs to the user". The cost curve, according to those 
expressing an opinloti at the meeting, should exhibit a discontinuity 
when the service is obtained outside the user's own organization.^ Also, 
"^'users" 'is too generic a term; there needs -to be a description of . 
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different categories of users, differentiated according to their own" " 
Information resources and information needs. '» 

^ lAC Functions and Benefits . The participants pointed out ' the 
•importance of the lAC's functions of providing high quality <iata, 
recognizing that the naive user may not realize the dangers of using 

old or obsolete data. y 

However, there appeared to be a general agreement with Dr. Touloukian s 
statement that if all the lAC's were closed, the immediat e effect wbuld- 
be hardly more than a ripple: a few heavy users Uould notice «nd would 
have to change how they obtain information, but there would be no, Im- • 
mediate, widespread effect on individual organizations in the scientific : 
and technical community. The significant impact would be diffuse and, ^ 
cumulative over a few years' time: lowered research productivity^ and 
lagging technical innovations would eventually have substantial economic 
l^upacts both on domestic industry growth and on the foreign trade balance- 
The participants frequently mixed discussions about the value of the 
information provided by the lAC with discussions about the value ofth^/ 
services provided by the lAC. The project team iterated that the ob- 
jective of the research is concerned with the value of the lAC service . 
However, as the discussion focused on lAC benefits, it was tempting to 
discuss the need for. and benefits of. the information itself rather . 
jchan the mechanism for providing the information. 

Dr. Slamecka suggested that identifying and conmiunicating benefits 
would be aided by differentiating priv^te/organizatioh benefits from ^ 
so'cietal benefits. Examples of the former .include: tlme/.effort savings 
from alternative ways of obtaining lAC-type services, data quality 
■ (accuracy .nd preksion) . data reliability (low -risk to use) . uniquenes«s . 
of the data/service, and the (relative) intrinsic va^ue of the informa-. ... 
tion. Examples of societal benefits are the codif^ation of knowledge 
and second order benefits resulting from utilization of the knowledge 
produced/synthesized by the lAp. The participants agreed that the 
- principal focus of this project should be on defining and.' to the extent 
possible, measuring the private/orgahizational benefits of lAC operations. 
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Meeting Results , The participants agreed that the estimation of 
benefits was far from simple and that the overall magnitude of th,e prob- 
lem of d€S^Mj|K>lng an operational cost benefit, method exceeded the re- 
source^|^^^mW.e for this project.^ Basically, the parrticipants admitted 
that ^h^BMn^K^of determining the value of lAC's was extremely diffi- 
cult and that this project cptild not complete the needed research. 

The benefit estimation model and procedure, as^it had been developed, 
was judged to be Inadequate for satisfying all the requirements of justi- 
fying IAC*s before Congressional Committees and 0MB. The model, although 
providing a lower bound on benefits, provides a bound that is inadequajte 
for making decisions and budget presentations with confidence. In p^ytlc- 
ular, the model and procedures should more explij^itly account for the 
value of the data quality, timeliness, and reliability (characteristics ^ 
which seem closely related to the unique, distinguishing aspects of an 
lAC vis-a-vi£ oth^r information centers) . 

Although na^feoal defense and other issues of national interest are 
important, the pa^^cipants believe that lAC's could npt.be justified 
solely on these issues and that mor^ explicit identification and estima-. 
tion of the benefits listed above are desirable. 

The participants agreed that the emphasis in the remainder of the 
^project- should be on improving the benefit estimating procedure and on 
documenting the research results In a report which would be ''free of 
jargon and -easily read". Dr* Touloukian offered summary documentation 
.of case studies>which^mighrt be. useful in determining the value of lAC 
services to .user organizations. In addition, to. McCam offered data . 
; from ^ the Nat ional^I*li)rary of Medicxne on' service demand curves. However, 
the: coricensiis; t-^^ participants was that *such data would not be repre- 
sentatlve of lAC services involving analysis and synthesis. The partici- 
pants also encouraged the investigation, through further literature 
searching and possibly direct contact with users, the feasibility of 
quantifying the users* decision processes: i.e., determining what factors 
are used in making de9i:^lons on using an lAC service. • 
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Final Project Effort and Conclusions 

Based on the results of the second Overview Committee meeting, 
the prbject team emphasized the user .aspects of benefit calculation 
and. began documenting the concepts and resWch results. This final 
phase resulted in this report. 

l The project? team 'examined the cases 'provided CINDAS. These 
• cases illustrated the organizational issues and difficulties associated 
.with reducing funding for internal library-related Information services.^ 
but they did not pro^de economically meaningful parameter values. 

The project team also examined available research results on- 
characteristics of users of lAC and related services. The subcontractor 
members of the project team analyzed the Impacts on lAC costs and bene- 
fits of technological innovations. This effort examined the effects of 
two particular Innovations - (1) the introduction and widespread adop- 
tion of a portable, acceptable microfiche reader and (2) the development 
within the STI community of a substantial network permitting terminal-to- 
terminal conferencing - by comparing alternative future scenarios for 

the lAC. ' , ■ ^ 

The project team documented these and other research results in a 
series of working papers which were then circulated among the' project 
team members themselves, the project consultants, the members of th^e 
Overview committee, and the sponsor £or coomient. The distribution of 
these working papers a^ the resulting comments proved a useful step: 
understandings of concept^', es^cially outside- the project team, were 



enhanced * ^ ' , 

• the -results of the project were further disseminated by presentations 
at the Engineering Foundation Conference in Easton, Maryland (August 29 - 
September 3, 1976) and by a summary project report in.. the ASIS ^IG-IAC. 
newsletter^. Each of these resulted in informal feedback on th^ clarity 
of the concepts, mode of presentation, and (usually) requests for ad- 
dition-al information. Consequ^tly.' the research- results have been 
disseminated and discussed informally prior 'to the formal completion of 
this final report. . * 

X ■ ' . ^ ■ • 



202 



ERIC 2:>B 



List of Reference? 
for 

0 " Appendix D 



National Referral Center , Directory of Federally Sponsored Infor- 
mation Analyses Centers , Third Edition; Washington, D.C.: 
Library of Congress, 1974. 

Lynch, J. F. , Presentation at the DSA meeting of lAC Managers, 

Johie Hopkins Applied Physics Laboratory, 10 September 1975. 

Mason^, Robert M. , "Toward a Cost Benefit Methodology for Informa- 
tion Analysis Centers," SIG Newsletter No. IAC-1 (September 
1976) pp. 2, 3; Washington: American Society for Information 
Science. 






> 



^ ^ a-/ 



APPENDIX E ^ 
the' PRICING OF JOINT PRODUCTS AND 
.SERVICES J^N AN INFORMATION ANALYSIS CENTER 



CONTENTS 

. ' ■ J Page 



1. INTRODUCTION '■ ' 

- ' INFORMATION ANALYSIS CENTERS 

THE JOINT COST PROBLEM 
OVERVIEW OF PAPER 

2. ALLOCATION OF COSTS AT THE OPTIMUM PRODUCTION LEVEL . . ^ 208 

BASIC MODEL 

DERIVATION OF UNIT COSTS 

DISCUSSION . 

3. DETEl/lINiNG THE OPTIMUM PROlScTION LEVEL/. , • '* " . ^'''^ 

OPTIMUM LEVEL OF PRODUCTION 

UNIT COSTS, MARGINAL COSTS, AND PRICING 

AN ITERATIVE PROCEDURE TO DETERMINE THE OPTIMUM" LEVEL _ 
EXTENSION TO DECREASING MARGINAL COSTS ^ 



A. DISCUSSION, 
REFERENCES , 



222 
223- 



O - - 204 

ERIC . 



/ 



230 . ^ ■ W 



1 

INTRODUCTION 

Information Analysis Centers 

• Information Analysis Cei^ers (lAC's) provide dif f erent, prpducts 
and services which depend on common resource^: personnel, data bases 
and documents and facilitiesc^ Because normal current pfDlicy, especial- 
ly for the federally supported lAC s,. emphasizes cost recovery , it is 
desirable to base product and service price^on the cost of providing 
the product or service. However, the utilization of common resources 
makes an Analytic determination of the true costs of providing a partic- 
ular output difficult or impossible. The problem then becomes one of 
allocating total costs among the different lAC outputs in a manner that 
is consistent with and that will facilitate the socially optimum levels 
of production and consumption. 

The Joint Cost Problem . . 

The General Problem . The problem of joint costs arises when there 
does not exist a unique relationship between the marginal^costs of pro- . 
ducing some output and the level of that output T- Two outputs, X and Y, 
share the joint costing^ problem if the cost of producing an ^ extra unit 
of X (the marginal cost of X, MC(X)) is not independent of Y. For 
example, if the total cost, TC, of producing X and Y is given by 
TC « 3o + 3iX + 32^^, there is no joint cost problem since MC(X) = 3, 
and MC(Y) « 23^Y; neither marginal cost depends on the level bf the 
other output. However, if TC » 3^ + 3iX +32^^ + SsXY, then MC(X) = 
3l +'33Y^and MCCy) - 232Y + ,33X. The marginal cost of one product is 
not uniquely related to the level of that output, and ]^<uJb there is a 
problem of joint costs. 

A classic example of the joint cc5sting problem is the ccfet of pro- 
ducing beef and leather from a steer. There is no apparently meaningful 
method to differentiate the costs of leather fr^om the costs of beef. 
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and ecotiomlsts have failed to provide a general solution to this problem 
and to the general problem of joint costs. 

The lAC Problem , There is one key difference between the general 
^ joint costing problem and the lAC problem, In the general problem (as 
in the^beer and leather from cattle), the outputs are produced in fixed 
proportions. An.IAC is not limited to producing services and products 
in any fixed proportions, however, and this fact permits the development 
of an operational, relatively simple solution to the problem of allocating 
costs to the different .lAC outputs. 

Criteria for Selecting a Cost Allocation Method . There are numerous 
methods for allocating costs, but the desire for* an operational method 
(i.e., the asrsigned costs should be meaningful for control and pricing) 
suggests three criteria <which the cost^^'^^ocat ion should satisfy: 

1. Assuming that the unit costs will provide the basis \f or pricing 
the output, the costs (and thus the prices) should induce an 
optimal mix of the outputs, as gauged by traditional measures 
of Social welfare; 

2. Assuming the unit costs will be used in production control 
decisions, the, costs should induce the most efficient use of. 
resources • , • . 

3. Assuming the unit costs will provide the basis forpticing the 
output and "assuming a regulatory mandate that the ^cilit;y earn 
only a iidrmal" return on investment, the assigned unit costs./ 
should cover 'the total costs* of production and no^^ excess profits. 
In other words, if the outputs are priced at unit costs, the 
resulting revenue should yield only a normal rate of return 
above total production costs. 

Overview of Paper ' 

The remair^ler of the paper consists of four major sections. The ' 
\ section f ollowing the. introduction presents a basic ' conceptual 'tiiodel 
for an lAC with two outputs, the derivation of unit costs based on the 
assumption of an opti'mum production level, and a discussion of the model 
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and derivation,'. Chapter 3 extend the p^resentation to include the 
condition of non~optim\jm levels of production and describes an^ iterative 
procedure to determine optimum levels. This chapter also extends the 
approach to situations of decreasing marginal costs. 

The f£nal chapter is a brief summary of ^he significance of the 
Jel and its application. The paper-^concludes with a list of refer- 
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ALLOCATION OF COSTS AT THE OPTIMUM PRODUCTION LEVEL - ^ ^ _ . 

' ' •, . ■■• ■ 

Basic Model . «* V 

— - ■ I ■ . 

. 'Assxime that an lAC" produces two services: an inquiry response, 
service and a handbook. . (Two services are used to keep the model 
formulation and discussion concise; the extension to more than two 
services is straightforward,.) The generalized inputs to producing 
these outputs, in keeping with economic tradition, may be taken aS -'• 
land (nonrenewable resources) , labor (internal staff and external per- 
sonnel), and . capital (equipment, building, computers-) Let , . 

I = Number of units of inquiry, response service provided (e.g., 
number of. pages of documentation or number of hoi«-s spent in 
answering inquiries) 

H =■ Number of handbooks produced 

L " Number of units of "land" used ■ - ■ ' - 

N = Number of^ units of "l&^or" used 
-i^ Number of units of "capital" used 

The production function can be represented by the implicit function 

F(I,H,L,N,K) =0. . , - CI) 

In words, the specification of the inputs (L.N, and K) allows certain 
maximum joint outputs I and H. Graphically, the function, can be repre- 
sented by a set of product transformation curves (PTC s) such as those 
shpwn. in Figure E-1. J V ,• 

In Figure E-1 (L,N,K) represents a j particular level for 'each input, 
and the^ lower PTC represents all possiMe combinations .of ■ I and H, which 
this particular, input combination can produce. For' example, (L,N,K) can 
be used ta produce either (I' ,H') or, (I",H"). The set 'of particular in- 
put levels represented by (L,N,K) is higher than (L,N,K), thus the 
corresponding PTC is higher in the pbrtheast quadrant than the first 
• PTC The slope of the PTC is the marginar rate of product transforma- 
tion, or MRPT. 
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Note- that different proportions pf outputs can be represented 
by' lines of different slope, edch passing through the origin. For 
example. Fig . E-2 illustrates output -proportions of (one handbook 
for each uni5^'of inquiry response service), R2 (two handbooks for- each 
unit of inquiry r'esponse service) , and R» (one handbook for each two 
units of inquiry response service) . , « ' 
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Derivation of Unit Costs 



' . This se^ion derives unit, costs by determining the implications of 
each of the criteria presented in Chapter 1. Initia;ily-, assume the op- 
timal production decision has already been made and the only task is to^, 
assign unit costs. -This restrictive assumption later is dropped.^ 

The first criterion presented in Chapter 1 demands thiat unit costs 
(and by iiaplication, prices) be consistent >7ith optimizing social wel- 
fare. Social welfare is optimized when the value of the consumed goods 
most exceeds the cost of production. ' ^ 
.Thus ' MAXIMIZE 7P(H)dH + /PCDdl - C(L,N,K) ^ 

> " .SUBJECT TO F(H,I,L,N,K) = -9' 

where T(fi) and ?(I)^are the ordinary demand curves for H and^l, >rP(H)dH 

V+ /P(I)dJ measures the gross benefits/of c^pnsumption (area under the ■ 
•respective dems^nd curves) /C(L,N,X) i^ the cost of inputs';- and F the 

. production function relating out|uts to inputs. Using the Lagrangian 

approach tg, characterize an optimum, we have ' ' , 

L = /P,(H)dH = /PCl)dI - C(L,N,K) + x|f(H,I,L,N,K) I 

whose first order' conditions imply tha"t i 

^ = _ iZ/3H ' ; " (2) 

• . 3F/3I ' ' ■ . , 

and, by assumption, the price of H will be its unit cost; and. the price 
of I will be its unit cost. ' Letti^ C^^ and be the unit costs, we 
have - . : • 



and ' 



P 



I 



1 



(3) 



(A) 
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The secon4 criter ion '>pre sent ed in Chapter 1 demands that the 
ass-igned xmlt costs induce efficiency". That, is, for aay given qu§irti- 
ties of H and .1 which" are produced, the mininwini cost of that production 
^st be achieved. The objective therefore is to • . 
MINIMIZE Cg . H + • I 

SUBJECT TO F(H, I, L,N,K) =0 
The "Lagrangian first order^Qp^lditions imply 



3F/3I 



(5) 



Finally, the third criterion demands that the lAC just break even, 

(6) 



I.e., . .* 

. H + Pj. • I = ^L,N,k) 

or, total revenue must equal total cost;?. ' ' 

Conditions (2) through (6) summarize the .requirements that a good 
measure of unit costs should satisfy. Fortunately, there is ^ome re- 
dundance in- the equations. In particular, using (3) and (4), one ob- ■ 
serye/ that (2) and (5X- are equivalent and that (6) may be Expressed as 

(7) 



C- • H + C_ • I = C(L,N,K-) 

H ■ L. 



Thus the issue reduces to finding (or assigning) unit costs so that . 
both (5) and (7) are satisfied simultaneously. The optimum production 
decision determines 'the production levels (e.g. , H* and I*) and the 
lowest cost, C*(L,N,-K) . Equations C5) and (7) then becom? two inde- 
pendent equations in two variables^C^ and C^, and a unique solution 
always exists. This is easily shoym^^. 

Note that evaluated at (H*,I*) has a particular value; let 



3F/3I 
C. Eq 

- K Cj, or Ch + K Cj " 0 



/ Cfl . 

this value be K- Equation (A) may be rewritten as "q^ ' "f^* °^ % ~ 



Likewise C(L,N,K) at (H*,I*) is a particular 
constant TC. The system confprised of (5) and (7) may be written as 



1 


+K 






m' 


0 • 


H* 


I* 




^1 


7 


TC 















A 



The system has a unique^ solution as long as the 2x2 matrix has an ^ 
inverse, and an inverse exists as- long as the matrix is non-singular. 
Its determ.liiant is D - I* - K H*.. Both H* and I* are positive, while 
K is negative. It follows that D^is necessarily positive. For later 
reference, the sdlution to the syst^ is 

I - KH ' ^I I - KH 

In order to make the approach operational, we need to show that 
the right hand side (RHS) of (5) is a meaningful expre^ion. In fact, 
it is easy to show that the EHS is (5) corfesponds to the slope of the 
.isoquant in Figure E-1. That is, it is the rate at which the handbook 
and inquiry response services must be traded off when inputs . are kept 
constant. To see this, start with i:he production function, (1)., - 

F(H,I,L,N,K) =0 • 
and take the total differential ; 

' 3F dH ^ 3F dl , 8F dL . 3F ^. 3F dK ^ q , • 

m 81 81 . 3N . 8K 

Note that alon^a PTC, L,N,K are constant, so dL,-dN,dK each eq^al 0. 
Using that result, and rearranging, we find 

dl 3F/3H 
dH " 3F/3I ■ 

.That is, the slope of the PTC (the marginal rate of product transforma^ 
tion) is the,' negative of the RHS of (5) . 
- ■ A simple example will show how the above approach , summarized by 
^(5) and^ (7.) , can determine meaningful unit costs. 

Suppose o%e has determined production levels of I = 200 and H = 
4007 and the minimum total cost is 100. Suppose the marginal rate of. 
product transformation is 1.2, i.e., to produce one more tinit. of in- ' 
quiry response while keeping all inputs, constant , 1.2 fewer units of 



^Note that in the case of joint production with outpCits in fixed pro por- 

tions JIl^ is not. defined since output substitution is not possible. 

' 3F/3E ' - . ' w ' * 1 

Kence, as mentioned above, this approach will not solve the general • 

problem of costing joint fixed propprtion outputs. 
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handbooks must be produced. From (5) we know that 

- '• S 



and from' (7) , 



^ Cg.- 400 + • 200 « 100 

These can^e solved to determine that the unit cost of handbooks, Cg, 
is .176, and the unit cost of inquiry response, C^, is .147. 
These unit costs 

V) induce an optimal consumption .pattern 

2) induce efficiency in resource allocation 

3) provide a fair return to the information center 

Discussion '. 

This approach to costing joint information outputs leads to the-^ 
somewhat surprising conclusion that it is not necessary to dissect the 
operations of the information center in order to determine the unit 
costs of the various information products and services. This is not to 
suggest, however, that the approach is completely divorced from the 
operational parameters of the system. Rather, the approach identifies 
and circumscribes the minimum requisite operational information: the 
trade«off rate between or among the various information output forms in 
the neighborhood of the desired output levels as input sN are held con- 
stant. Although this trade-off rate rarely is readily apparent, it 
usually can be estimated by a combination of design and operating data. 
Given our criteria for judging the "goodness" of estimated unit costs, 
the unit costs derived using the above approach must be judged superior 
to unit costs which are ^ased on a thorough analysis of the informa 
service process, even though far more information . presumably would be 
required, by the latter approach. The merits of our approach thus 
include economy of information as well as improved unit cosfrs 

Tlie model thus far 'has be^n concerned with the purel 
lem of assigning unit costs in a joint product situation after the 
production decision has be^ made. In particular, if the socially op- 
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timum production levil has somehow been determined, then the unit costs 
def Jjied by (5) and (7) have the three, especially appealing properties 

disdussed in Chapter 1.' > - . 

\6w suppose the optimum production level must be determined. . Can 

prices based on our unit costs aid in this determination? Are condi-.. 
tions C5) and (7) consistent with the socially opl;^ production level? 
The latter question is important because we have not yet established 
that the quantities demanded of the various 'dciergy forms at the unit . . 
prices defined by (5) and (7) will be consistent with the ^quantities 
supplied which gave rise to those prices. The remainder ofythis paper 

defines th6 concept of optimum production level, examines tih_e relation 
between production levels and unit costs, constructs an iterative 
approach which drives production to its optimal level, and finally 
demonstrates that the solution iteratively achieved is consistent with 
the static costing conditions represented by equations (5) and (7)i 
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DETERMINING THE OPTIMUM PRODUCTION LEVEL 

The Optimum Level of Production 

From society's viewpoint, the best output level for any good is 
that level at which its marginal revenue product (MRP) equals Its 
marginal cost (MC) • A good's MRP is the value added by the last unit 
produced of' the subject good in the production of some other good, MC, 
of course, is the cost of producing the last unit of the subject good. 
To see that MRP = MC is the condition for optimallty, assume it is 
violated. Specifically, assume MRP > MC. This means that, for example, 
if the last copy of a handbook used in the production of widgets adds 
$50 to the value of widgets produced, while the cost of the last is $20, 
then the production of one more handbook yields a net benefit of 
$30 ($50 in gross benefits less $20 in cost). Equally clear is that the 
initial production level of handbooks improves social welfare.' Only if 
MRP = MC is no improvement possible-, and thus the output level at this 
point is optimal. 

Fl^re E-3 illustrates this argument. At low levels of H, MRP ex- 
ceeds MC and benefits are derived by increasing H. At high levels, the 
converse is true. The MC curve for H can be considered as being con- 
structed in terms of the number -of units of inquiry response, I. The 
MC of a unit of H is, indeed, the units of I sacrificed. Thus the MC 
curve reflects the values of the slope along a product transformation 
curve of Figure E-1. Since more and more I must be sacrificed to succes- 
sively . increment handbook output, MC^ necessarily risfes to the right. 

MRP„ slopes downward to right due to t!he law of diminishing marginal 
H 

productivity. Extra .copies of the handbook add less and less to the 
value of widget production, ceteris paribus . . 

Unit Costs. MRP, and MC . ^ . • 

^ • The approach detailed in Chapter 2 is based on the premise that 
output levels are used to determine unit costs. These costs, or priceg. 




Figure E-3. The Optimal Level of Handbook Productl(^ 



are then used by production management to efficiently .channel resource 
use and by customers as the basis for their purchase decisions. It is 

. well known from economic theojry that customers will purchase H and I in 

- amounts such that , 

^In ~ (8) 

MRP- P.. . , 
and that efficient production managers Ml produce H and ^° ' 

. Pj . 

(8) and (9) are first order optimizing conditions for customers and 
, managers, respectively. 

# Before proceeding we add an additional assumption to- the model: 

assume the total cost function for H and I is linear homogeneous. That 
is, if the total cost (TC) is 



(10) 



TC » sCHq^Iq), then a • TC - gCaH^^alQ) 

for a > 0 

It must be stated that (10) is merely a simplifying assumption and will 
be discarded in later discussions. Nonetheless, there is a good deal of 
evidence that cost relations do tend to be linear homogeneous, and this 
assumption enables us temporarily to avoid second-best problems • 

Suppose the current level of handbook output is H (handbooks sup-. 

" S * 

plied) and the current level of inquiry responsef output is I • A.^ ^ 
these output levels there is defined a Marginal Rate of Product Trans- 
formation (MRPT). The MRPT determines the ratio of the unit costs 
to Cj from (5). Equation (7) determines their absolute level. The 
solution to this set of two simultaneous equations yields unit costs 




-K > TC 
I-KH 



where K = ^ri^ = - MRPT between H and I 
3F/3I 

From (3), (A) , and (5) , W^e that 

K = - V^I - 
and from (9) and (12) we have 
•K = - MCjj/MCj 

Substituting (13) into (11) yields 



(ii) 



(12) 




(13) 



E + 



H 



MC 



H 



MC, 



Multiplying the right hand side by results in 



MC. 



H 



TC 



MCj. • I + MCjj 



H. 



(lA) 



Now, by assumption, the total cost function, TC = g(H;i) is linear homo- 
geneous. By Euler's theorem we have 

I (15) 



TC 



aTC 

3H 



H + -|f^.I HMQg ..H+.MC^ 
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Substituting (15) into (14) and simplifying yields 

' Cg » MCg ^^^^ 

and it is easily shown that 

- MC^ (17) 

Thiis if the total '5bst function. is linear homogeneous, the unit costings 
approach defined by (5) and (7) is nothing more than assigning marginal 
costs as unit costs. Using these unit costs as prices thus is simply 
margiI^tl cost pricing. 

An Iterative Procedure to Determine the Optimum Level 

Having shown that the unit costs are, in fact, marginal costs, an 
algorithm tp* f ind the optimal output level is easily constructed. As 
might be expected, the algorithm simulates a competitive market. At. 
the current * (assumed non-optimal), output ley.els, H and I , the unit 
cQstS' defined by (5) and a)» ^^"^^^ C^, are simply MCg and MCj. Con- 
sider HCjj and refer to Figure". . SJLnce is 'less than H*, the ^nit ' 
cost (price) defined by (found on the MC^j curve) elicits a quantity, 

demanded in excess of H*. An excess demand for the handbook is manage- , 

S / ^ . ' D , 

mentis signal to increase H , which defines a new C^, a new K , and so 

on. At each step, excess demand tor excess supply) sijgnals the direction 

of changes needed in H . Convergence toward H*; is assured. A similar 

seiries of steps is, of course, carried out in the I market. It is 

worth noting that the MC curves are not fixed. Rather, because H and ' , 

I are joint products, MC^j shifts with changes in I and MCj shifts with 

changes in H. \ 

Note also that each step in the dynamic ^process of moving' toward 
the optimum is consistent with (5) and (7). This unit costing approach 
is appealing not only^at the optimum but at sub-optima as well. Applied 
in iterative fashion, the same unit costing rules which support an 



^e have not defined a rigorous convergence process since the literature 
abounds with e^camples.v The. precise convergence process is only a tan-^ 
geritial issue here. 

■ '1^ • . 
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Figure E-4. Non-optimal Levels of Handbook Production 



optimum can lead production decisions toward that optimum. The op~ 

timum and the unit costing rules thus, form a stable equilibrium, with 

■ \ - • ' • _ 

deviations- from the optimumTsignalingf^for decisions. which return the 
'levels to thie optimum* point. 



Extension to Decreasing Marginal Costs 

This section briefly indict teJfciow the above approach to deter- 
mining unit .c6sts in a joint production situation can b6 extended to the 



case of decreasing marginal costs. It is well known that marginal cost 
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pricing in the presence of decreasing ^marginal cost results in negative^ 
profits. Clearly then, marginal cost pricing cannot be adopted by an 
lAC which desires to break even. With the constraint to assure a viola- 
tion of the social production optimality condition, the problem is to 
find the "second-best" conditions. The problem is to choose unit costs 
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which 'satisfy (7) and yet yield the greatest social welfare. ' Opera- . 
tionally, the- produced quantities of H and 1 will be less than their ., 
socially optUnal ({'f irst-best") levels. How should the production cuts 
be distributed between H and 1? - - 

The problem, can be formulated as follows: maximize the net bene-. ' 
fits .from the consumption of H and 1 while maintaining total revenues; /, 
equal to total costs. ^ * - ^ 

Net Benefits = Gross Benefits - Gross Costs ^ 

= J"^^^^^^ +^^P(I)dI - g(H;i) C18^ 

where Mlijj - P(H) and MRP^ = P.d) • These, of 'course, are . the demand- j 
curves for H and I,' respectively. The total cost function for H and I 

isg(H,i3. - ■ . ■ r. . ' \ - ■ 

Total Revenues = C^^ • H + • • . , 

where and are the unit costs to be determined. 

The appropriate Lagrangian expression is, using (18) and (19),, . 

L = "rP(H)dH + 'fp(l)dl - g(H,I) -H X(C^ . H + • I - g(H,m (20) 

^ Observe that if is^the unit price of- H and. H units are demanded at 
C„, then the MRP„ at H is C„ and , - - . ' 

f =C„.-HC^V,X(C^ + H^.-MCg)>0 .(21) 
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• ■ II = - MC^ -H X(C^ -H.I ^ - MC^) = 0 (22) 
Now recall "that elasticity of demand (for H) can be' expressed. 

, H .aCj^ • • 

Using (23) and the analogous expression for E^, (21), expression (22) 
may be rewritten as - : ^ • 

H .H 



1 "^I 

• C_ - MC_ + X(l - -i . ^ 0 .(25) 

Solving each of (24) and ^(25) fo^ X, equating, and rearranging terms 
results in . » ' 

The solulbion to this second-best problem is that ^each unit cost must 
be set so tbart its percentage deviation from marginal cost is inversely 
4>roportion^l to that good's elasticity of MRP^. Thus, while retaining 
condition (7)^ expression (5) must be r^^^ced by (26). The simultan- 
eous solution of (7) and (26) define second-best unit costs under joint, 

production. , An iterative procedure may also be constructed on (7) and 

/ 

(26) to dyive production toward its second-best leveK 



3 

Baumol and Bradford derived this result in [l] ; however, our deriva- 
tion seems somewhat more straight forwartJ^ 
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" - DISCUSSION 

Unit costs of production form the b&sls for crucial resource alio-- 
cati9n decisions. Especially in the case of joint products, unit costs 
tend toNbe computed from crude conceptual dissections of the engineer- 
ing ^operational production system and arbitrary rules of thumb for allo- 
cating joint costs. Using the example of an lAC, this discussion has 
shown that evefi in the cases, of nonscparable production of joint prod-, 
ucts, meaningful unit costs may be constructed with a mlninium of infor- 
mation* The approach is to characterize "good" unit costs and derive 
the costing rules from these characterizations* The paper demonstrates 
that when total cost is' a linear homogeneous function, the unit costs 
are simply marginal co^%s. The unit costs assigned by conditions (5) 
and (7) not only support an optimum production level, but are the 
foundation^f or a sequential decision process which drives output levels 
toward the optimum. Finally, in second-best cases, the unit^ costing 
approach must be' modified by substituting expression. (18) for ^(5). 

■■ ■ ' n 
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